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PRELIMINARY AMENDMENT 

Box PCT 

Assistant Commissioner for Patents 
Washington D.C. 20231 

Sir: 

Prior to commencing examination of the above-identified application, entry of the 
following amendment is requested. 

In the Clainns : 

Kindly amend claims 4 and 17 as follows: 

4. (Amended) A laser power control method according to claim 3 , wherein: 
the first control section performs a calculation for obtaining an l-L characteristic which 
represents a relationship between a driving current and an optical output of the laser; and 
the first driving current is obtained based on the l-L characteristic. 

17. (Amended) A laser power control method according to claim 1, wherein: 
when a laser irradiation position on the recording medium is shifted from a recording 
position, the control section changes an output of the laser so as to be equal to or smaller 



than a power appropriate for erasing data; when the laser irradiation position returns to the 
recording position, an output of the laser is changed to a previously-employed output. 

Kindly add new claim 21 as follows: 

21 . A laser power control method according to claim 12, wherein: when a laser 
irradiation position on the recording medium is shifted from a recording position, the control 
section changes an output of the laser so as to be equal to or smaller than a power 
appropriate for erasing data; when the laser irradiation position returns to the recording 
position, an out put of the laser is changed to a previously-employed output. 

A version of the above amended claims marked to indicate the specific 
amendments may be found in the attached Appendix, in accordance with 37 CFR 
1.121(c)(1). 

Remarks 

Claims 4 and 1 7 have been amended to convert the claims from multiple dependent 
claims to singularly dependent claims to reduce the filing fee. Claim 21 has been added. 
Claims 1-21 are in the application upon entry of the amendment. 



Respectfully submitted, 




Neil A. DuChez 
Reg. No. 26,725 



1621 Euclid Avenue, 19th Floor 
Cleveland, Ohio 44115 



Tel: 216-621-1113 
Fax: 216-621-6165 



APPENDIX - - Amendment Version With Markings to Show Changes Made 

Claims 4 and 17 have been amended as follows: 

4. (Amended) A laser power control method according to claim 3 [any of 
claims 1-3], wherein: the first control section performs a calculation for obtaining an l-L 
characteristic which represents a relationship between a driving current and an optical 
output of the laser; and the first driving current is obtained based on the l-L characteristic. 

17. (Amended) A laser power control method according to claim 1 [or 12], 
wherein: when a laser irradiation position on the recording medium is shifted from a 
recording position, the control section changes an output of the laser so as to be equal to 
or smaller than a power appropriate for erasing data; when the laser irradiation position 
returns to the recording position, an output of the laser is changed to a previously- 
employed output. 



New claim 21 has been added. 
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DESCRIPTION 

Laser Power Control Method and Optical Disc Apparatus 

5 TECHNICAL FIELD 

The present invention relates to a laser power 
control method used with an optical information 
recording/ reproducing apparatus, such as an optical disc 
10 apparatus for recording/reproducing information on a 
recording/ reproducing medium (e.g., an optical disc, an 
optical card, etc. ) by using a laser, such as a semiconductor 
laser or the like. The present invention further relates 
to such an optical disc apparatus . 

15 

BACKGROUND ART 

In order to record information on an optical 
information recording medium, which is typically an optical 

20 disc, it is necessary to optimally adjust the emission power 
of a laser with respect to an information recording surface 
of the medium. In general, the characteristics of a 
semiconductor laser, for example, widely varies due to a 
change in the environmental temperature or the deterioration 

25 of the laser itself. Therefore, a control means which is 
capable of outputting an appropriate power for recording 
of information on an optical information recording medium 
according to such characteristic variation is required. 

30 Hereinafter, characteristics of a laser are briefly 

described by using a semiconductor laser as an example. In 
the discussion below, the semiconductor laser is used as 
an example of such a laser. 



Figure 19 shows an I-L characteristic (Injection 
current - Light intensity characteristic) for 
temperatures Tl and T2 . When driven with a current which 
5 is greater than a threshold current Ith, oscillation of the 
laser begins . Within an oscillation range, the light output 
per unit driving current increases relative to quantum 
efficiency tj. In Figure 19, threshold current IthO and 
quantum efficiency r]0 for temperature Tl, and threshold 

10 current Ithl and quantum efficiency r]l for temperature T2 
are shown. The threshold current Ith and quantum 
efficiency r\ change according to a variation in the 
environmental temperature. Such changes are different 
among lasers . There is a laser where changes of threshold 

15 current Ith and quantum efficiency n] for temperature Tl are 
twice as much as those for temperature T2 , as shown in an 
example illustrated in Figure 19. Thus, the power of an 
optical output to be emitted is widely changed according 
to environmental conditions even when a driving current of 

20 the laser is the same. Therefore, laser power control is 
typically achieved by changing a driving current such that 
the power of an optical output is set to a desired power. 

Next , a conventional laser power control method is 
25 described with reference to Figure 20. Figure 20 
illustrates a method for controlling the power of an optical 
output emitted by a laser so as to be a power suitable for 
recording on an information recording surface of a medium 
while monitoring light reflected from the medium. 

30 

In Figure 20, an optical beam output from a 
laser 201 is reflected by a medium and then received by a 
light receiving element 202. The light receiving 



;l, O O 3 JL Si -7" B. .n. 11 5 O ie O S 



- 3 - P23176 

element 202 converts the power of the received optical 
output to an electric signal, which is output to a 
calculation section 203. The calculation section 203 
compares a reference value stored therein with the output 
of the light receiving element 202 and calculates, based 
on the difference therebetween, a driving current where a 
variation of the laser power is corrected. The calculation 
section 203 then outputs the calculated driving current to 
a driving section 204. The driving section 204 drives the 
laser 201 based on the output of the calculation section 203 . 
As an I-L characteristic of the laser 201 is varied, the 
power of the optical output emitted by the laser 201 changes . 
Accordingly, the power of light received by the light 
receiving element 202 after reflected by the medium also 
changes. Thus, the output value of the light receiving 
element 202 changes with respect to the reference value in 
the calculation section 203. The calculation section 203 
adjusts a driving current of the driving section 204 based 
on a difference between the output value of the light 
receiving element 202 and the reference value. Due to 
controlled driving based on the adjusted driving current, 
the output power of light emitted by the laser 201 is 
controlled so as to be an appropriate power for recording 
on the medium. 

When dirt, such as dust, fingerprint, etc., is 
present on the medium, the power of an optical output emitted 
by the laser 201 is partially scattered or absorbed due to 
such dirt before the optical output reaches an information 
recording surface of the medium. Thus, the power of the 
optical output is insufficient for an appropriate power for 
recording on the information recording surface of the medium. 
The power of light reflected by the medium is also 
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insufficient in comparison to a case with no fingerprint 
or dirt present. The calculation section 203 compares the 
reference value stored therein with the output of the light 
receiving element 202 and calculates, based on the 
difference therebetween, a driving current by which the 
above insufficiency caused due to dust or dirt is compensated 
for, and then outputs the calculated driving current to the 
driving section 204 . As a result , the output power of light 
emitted by the laser is increased . The output power of light 
is controlled such that the power of light reaching the 
Information recording surface becomes an appropriate power 
for recording on the medium even when a portion of the power 
is partially scattered or absorbed by a fingerprint or dirt. 

A representative example to which this technique is 
applied is ROPC (Running Optimum Power Control), which is 
used when recording information on a write once type optical 
disc, such as a CD-R or the like. The principles and means 
of ROPC are described in detail in CD-WO System Description 
Version 2.0. 

The above conventional laser power control means, 
where an optical output is controlled so as to be at a power 
suitable for recording information on a medium while 
monitoring light reflected from a medium (or transmitted 
light), operates such that a correction is performed 
considering a power lost due to dust, a fingerprint, etc., 
with respect to a power optimum on an information recording 
surface, and an emission power varied due to a change of 
the I-L characteristic which is caused by a variation in 
the environmental temperature. That is, in the 

conventional method, it is not distinguishable whether a 
variation component of reflected light detected by the light 
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receiving element 202 is a variation component resulting 
from a change in the I-L characteristic caused by a variation 
in the environmental temperature or a variation component 
generated by a fingerprint, or the like, present on the 
5 medium. Thus, according to the conventional method, when 
the power of reflected light is changed due to a change in 
the I-L characteristic which is caused by a variation in 
the environmental temperature, and there are a plurality 
of power values of an optical output which are required for 
10 recording information, the plurality of power values cannot 
be correctly controlled with a small error. 

Now, this problem is described more specifically 
while referring to an example of recording information on 
15 a DVD-RAM optical disc. 

In a DVD-RAM optical disc, the power of an optical 
output emitted by a laser used for forming a recording mark 
has three levels. That is, it is necessary to control the 

20 three powers during recording of information on the DVD-RAM 
optical disc. The three powers are Peak Power, Bias Power 
1, and Bias Power 2 which are specified in the DVD 
Specifications for Rewritable Disk Version 1.0. In the 
descriptions below, the three powers are represented by 

25 abbreviations, Pk, Pbl, and Pb2 , respectively. 

Figure 21 shows an example of the three powers 
emitted by a laser for forming a recording mark. 
Figure 21(a) is a concept diagram wherein a period when a 
30 recording mark is formed is denoted by two levels, HIGH (H) 
and LOW (L) , and the recording mark is formed on the medium 
during a HIGH (H) period. Figure 21(b) is a concept diagram 
which illustrates the power of an optical output emitted 
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by the laser during the HIGH (H) period shown In 
Figure 21(a) . 

Figure 21(b) shows an example where the three powers, 
Pk(=ll mW), Pbl(=5 mW), Pb2(=l mW) , are switched at a high 
5 speed (switching between Pk and Pb2 is achieved in about 
34 ns), while using a reference power Phase (=0 mW) 
indicated by a broken line. Although it is necessary to use 
a high -band receiving element in order to correctly receive 
the three powers of an optical output reflected by the medium 

10 which change at a high speed, such a high-band receiving 
element is very expensive and accordingly increases the cost 
of the apparatus . Thus , it is better to use a low-band 
receiving element in order to suppress an increase in the 
cost. In this case, the three powers of the optical output 

15 reflected by the medium, which are included in the power 
detected by the receiving element, cannot be divided into 
each of the three powers . 

Figure 22 shows a variation of a driving current 
20 which is necessarY for outputting the three powers when the 
temperature changes from Tl to T2. In Figure 22, IthO 
denotes a threshold current for temperature Tl, and t]0 
denotes a quantxam efficiency for temperature Tl. Ithl 
denotes a threshold current for temperature T2 , and r\l 
25 denotes a quantum efficiency for temperature T2 . Pk, Pbl, 
and Pb2 denote three powers used for recording information 
on a DVD-RAM disc. IpkO denotes a driving current which is 
necessary to output power Pk when the temperature is Tl, 
lbs 10 denotes a driving current which is necessary to output 
30 power Pbl when the temperature is Tl , and Ibs20 denotes a 
driving current which is necessary to output power Pb2 when 
the temperature is Tl . Ipkl denotes a driving current which 
is necessary to output power Pk when the temperature is T2, 
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Ibsll denotes a driving current which is necessary to output 
power Pbl when the temperature is T2 , and Ibs21 denotes a 
driving current which is necessary to output power Pb2 when 
the temperature is T2. Alpk, Albsl, and Albs2 each denote 
5 a variation value of the driving current which is used for 
correcting each power value when the temperature is changed 
from Tl to T2 . 

From Figure 22, the following relationships can be 
10 understood: 

Alpk = Ipkl-IpkO = (Pk/Til+Ithl)-{Pk/tiO+IthO) 

... Expression (1) 

Albsl = Ibsll-IbslO = (Pbl/Til+Ithl)-(Pbl/riO + IthO) 
15 ... Expression (2) 

Albs2 = Ibs21-Ibs20 = ( Pb2/Til+Ithl ) - ( Pb2/Ti0 + Ith0 ) 

... Expression (3) 

In this example where the power value received by the 
20 receiving element for temperature Tl is PO, the power value 
received by the receiving element for temperature T2 is PI, 
and the variation rate of PI to PO (Pl/PO) is a, the control 
means calculates, based on the reflected light, the currents 
Alpk, Albsl, and Albs2 for driving the laser such that a 
25 variation rate a obtained based on the variation values of 
the power is 1, i.e., such that a variation of the power 
is eliminated. 

The following description is based on an assumption 
30 that each of Alpk, Albsl, and Albs2 can be obtained by using 
variation value a. First, the following definition is 
given for the variation rate of reflected light which is 
caused by a variation of Pk: 
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Ipkl/IpkO = (Pk/ril + Ithl)/(Pk/TiO + IthO) = apk 

Based on expression (1), Alpk can be expressed as follows: 

5 

Alpk = apk X IpkO - IpkO ... Expression (4) 

Similarly, based on expressions (2) and (3), using absl (the 
variation of reflected light which is caused by a variation 
10 of Pbl) and abs2 (the variation of reflected light which 
is caused by a variation of Pb2) , the following expressions 
can be obtained: 

Albsl = abslXibslO-IbslO ... Expression (5) 
15 Albs2 = abs2Xibs20-Ibs20 Expression (6) 

Since Pk;*Pbl5»:Pb2 , the following expression is established: 

(Pk/ril+Ithl ) / (Pk/TjO+IthO ) 
20 ^ (Pbl/T]l + Ithl)/(Pbl/-nO + IthO) 

^ (Pb2/Til+Ithl)/(Pb2/TiO + IthO) 

Therefore, 

25 apk >i absl ^ abs2 

s« a. (a variation rate of reflected light received by 
the receiving element) ... Expression (7) 

Even if Pk is obtained from the value of a, such a value 
30 of a is inconsistent with the above-established assumption, 
because the following relationships can be obtained from 
expressions (4), (5), (6), and (7) 
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Alpk = axipkO-IpkO 
Albsl ^ axIbslO-IbslO 
Albs2 3* axlbs20-lbs20 , 

5 that is, Albsl and Albs2 cannot be obtained by using the 
variation value a. 

This means that the control means cannot calculate, 
based on the reflected light, a driving current which is 

10 used for correcting the plurality of powers using a variation 
value of reflected light detected by the receiving element. 
Thus, according to the conventional method, there are a 
plurality of powers to be controlled, and the plurality of 
powers cannot be controlled with a small error when the power 

15 of an optical output emitted by the laser is partially 
scattered or absorbed by dust, a fingerprint, or the like, 
and deviated from an appropriate power for recording 
information on the medium under the circumstance where the 
environmental temperature changes . 

20 

Furthermore, reflected light is sometimes varied 
regardless of an optimum power for recording information 
on the medium due to production non-uniformity in the width 
of recording tracks and in the edge which is generated during 

25 production of the medium. In such a case, the power is varied 
because in the conventional method a variation component 
is detected by the receiving element , and the driving current 
is adjusted based on the difference between the detected 
component and the reference value stored in the calculation 

30 section. Accordingly, an error is caused in the power which 
has been controlled before a variation of reflected light 
generated due to the aforementioned production non- 
uniformity is detected. 



The present invention was conceived in view of the 
above circuunstances . An objective of the present invention 
is to provide a laser power control method for controlling 
5 a plurality of laser powers that are required for recording 
so as to be appropriate powers for recording even when the 
I-L characteristic of the laser is changed due to a variation 
in the environmental temperature and the laser power 
reaching a recording surface of a medium is deviated from 
10 an appropriate power due to dust , a fingerprint, or the like, 
or even when light reflected from the medium is varied 
regardless of an appropriate power for recording, and to 
provide an optical disc apparatus for performing such 
control . 

15 

DISCLOSURE OF THE INVENTION 

A laser power control method of the present 
invention is a method for controlling an output power of 
20 a laser which is used for recording information on a 
recording medium, comprising steps of: 

detecting emitted light of the laser by a first 
detection section; 

obtaining a first driving current of the laser by 
25 a first control section based on an output of the first 
detection section; 

detecting reflected light or transmitted light from 
the recording medium by a second detection section; and 

obtaining a second driving current of the laser by 
30 a second control section based on an output of the second 
detection section, 

wherein the laser is driven based on the first 
driving current or the second driving current while the first 
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control section and the second control section are operated 
alternately such that the second control section does not 
operate when the first control section is operating, and 
the first control section does not operate when the second 
5 control section is operating. With this structure, the 
above objective can be achieved. 

The first control section operates when 
reproduction information data is not recorded or reproduced. 

10 

In the recording medium, a region where data is to 
be recorded is divided into sectors; and when a laser 
irradiation position is within a gap region where 
recording/reproduction of data is not to be performed within 
15 the sectors, the first control section operates. 

The first control section performs a calculation for 
obtaining an I-L characteristic which represents a 
relationship between a driving current and an optical output 
20 of the laser; and the first driving current is obtained based 
on the I-L characteristic. 

In one embodiment, the laser power control method 
further comprises a step of obtaining the second driving 
25 current based on an output of the second detection section, 
the I-L characteristic obtained by the first control section, 
and appropriate laser power stored in an apparatus by the 
second control section. 

30 In one embodiment, when the first control section 

operates after the second control section has operated, and 
then the second control section is operated again, the second 
control section operates based on an output of the second 
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detection section which was obtained immediately before the 
operation of the previously-operated first control section. 

In one embodiment, an operation of the second 
5 control section is stopped in a region where it is previously 
known that no defect exists; and the second control section 
uses an output of the second detection section obtained when 
the first control section is operated as a reference so as 
to drive the laser according to an output variation in the 
10 second detection section With respect to the reference. 

In one embodiment, a movement section for moving a 
laser irradiation position on the recording medium is used; 
an operation of the second control section is stopped when 
15 the laser irradiation position is moved by the movement 
section; ,an output of the second detection section obtained 
when the first control section is operated is obtained again 
as a reference; and the second control section is operated 
after the reference has been obtained. 

20 

In one embodiment, when the reference is obtained 
again, a value obtained from the output of the second 
detection section which is output after the laser 
irradiation position is moved by the movement section and 
25 before the laser irradiation position reaches a recording 
target position, is obtained as the reference. 

In one embodiment, an output of the first control 
section is changed when a speed at which emitted light of 
30 the laser scans the recording medium is varied, a reference 
is changed based on the varied value. 



In one embodiment, the recording medium is a body 
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of revolution; a varied value for the output of the second 
detection section is maintained to be the same value even 
after the time required for rotation of the recording medium 
or more has elapsed; and if the value exceeds a predetermined 
5 value, the output of the first control section is changed 
such that the output of the second detection section is 
within a range defined by the predetermined value. 

Another laser power control method of the present 
10 invention is a laser power control method comprising steps 
of : detecting reflected light or transmitted light from a 
recording medium by a detection section; driving a laser 
by a control section according to an output of the detection 
section; and the output of the detection section is corrected 
15 according to an output of the control section. With this 
structure, the above objective can be achieved. 

When the output of the detection section is 
corrected, the detection section delays the start of 
20 correction by the time required for detecting reflected 
light or transmitted light from the recording medium. 

More preferably, the start of correction is delayed 
by utilizing a phase delay characteristic of a low pass 
25 filter. 

In one embodiment, table data including a plurality 
of output values of the control section that are identified 
by addresses . which are corresponding output values of the 
30 detection section, is employed; the control section selects 
data which is identified by an address in the vicinity of 
an output value of the detection section and outputs the 
selected data; an output of the detection section which is 
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output when an emission limit of the laser is exceeded is 
previously calculated as a maximum output value before the 
control section is operated; the address corresponding to 
the maximum output value is used as a selectable maximum 
5 address; and when data which is selected when the control 
section is operated is an address equal to or greater than 
the maximum address, the output of the control section is 
clipped with data represented by the maximum address. 

10 In one embodiment, the table data includes first 

table data which corresponds to the output of the control 
section and second table data which represents a correction 
to the output of the detection section; and the second table 
data is formed by corrected values with respect to an output 

15 error generated by rounding because of a limited word length 
of the first table data. 

In one embodiment , when a laser irradiation position 
on the recording medium is shifted from a recording position, 
20 the control section changes an output of the laser so as 
to be equal to or smaller than a power appropriate for erasing 
data; when the laser irradiation position returns to the 
recording position, an output of the laser is changed to 
a previously -employed output. 

25 

When the laser irradiation position is within the 
gap region, the laser performs test emission while changing 
the power at a low speed, in comparison to emission performed 
while changing the power at a high speed which is suitable 
30 for recording of data. 

An optical disc apparatus of the present invention 
is an optical disc apparatus for recording/reproducing 
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information on an optical disc by using a laser, comprising: 
a first detection section for detecting emitted 

light of the laser; 

a first control section for obtaining a first 
5 driving current of the laser based on an output of the first 

detection section, and output ting the obtained first driving 

current ; 

a second detection section for detecting reflected 
light or transmitted light from the optical disc; 
10 a second control section for obtaining a second 

driving current of the laser based on an output of the second 
detection section, and outputting the obtained second 
driving current; 

a selection section for selecting one of the outputs 
15 of the first and second control sections as a driving current 
for driving the laser; and 

a driving section for driving the laser based on the 
selected driving current, 

whereby recording of information can be performed 
20 with an appropriate laser power. With this structure, the 
above objective can be achieved. 

The first control section is structured so as to 
obtain an I-L characteristic which represents a relationship 
25 between a driving current and an optical output of the laser 
based on the output of the first detection section and 
outputs the obtained I-L characteristic. 

The second control section is structured so as to 
30 obtain the second driving current based on the output of 
the second detection section, the I-L characteristic, and 
the appropriate laser power stored in the apparatus . 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure . 1 i llustrates a principle of a laser power 
control method of the present invention. Section (a) shows 
5 a structure of a track on an optical disc. Section (b) is 
a timing chart showing a variation of the power of light 
reflected from the optical disc which is detected by a 
receiving element in an optical disc apparatus during 
scanning of the track shown in section (a) by an optical 
10 beam. Section (c) is a timing chart schematically showing 
a level variation of the laser power of a laser which is 
controlled according to a laser power control method of the 
present invention. 

15 Figure_2^s a block diagreim showing a structure of 

an embodiment of an optical disc apparatus according to the 
present invention. 

Figure 3 illustrates an operation of a recording 
20 information generation section of the optical disc apparatus 
of Figure 2 . 

Figure 4 illustrates a structure of an emitted light 
control section of the optical disc apparatus of Figure 2. 

25 

Figur e 5 illustrates a structure of a reflected 
light control section of the optical disc apparatus of 
Figure 2. 

30 Figure ^6 ^ illustrates a structure of a wobble 

amplitude detection section of the optical disc apparatus 
of Figure 2 . 



Figure 7 illustrates an operation of a variation 
detection circuit in the reflected light control section 
of Figure 5 . 

5 Figure 8 illustrates an operation of a switch of the 

optical disc apparatus of Figure 2. 

Figure 9 Illustrates a switching operation of the 
switch of the optical disc apparatus of Figure 2. 

10 

Figure 10 is a flowchart for illustrating an 
operation of the emitted light control section of the optical 
disc apparatus of Figure 2. 

15 Figure 11 is a flowchart for illustrating an 

operation of the reflected light control section of the 
optical disc apparatus of Figure 2. 

Figure 12 shows table data which describes 
20 processing in a digital signal processing circuit of the 
reflected light control section of Figure 5. 

Figure 13 illustrates a principle of a laser power 
control method according to the present invention which is 
25 employed when a defect is present over two sectors on a track. 

Figure is a flowchart for illustrating an 

operation of a servo microcomputer when the optical disc 
apparatus of Figure 2 begins to operate. 

30 

Figure 15 is a flowchart for illustrating an 
operation of the^ervo microcomputer when an appropriate 
power for the optical disc apparatus of Figure 2 is changed. 
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Figure 16 ^ is a flowchart for illustrating a 
recording operation of the optical disc apparatus of 
Figure 2 which is performed immediately after a seeking 
5 operation of the servo microcomputer. 

Figure 17 illustrates an operation of the servo 
microcomputer during the seeking operation in the optical 
disc apparatus of Figure 2. 

10 

Figure 18 is a flowchart illustrating an operation 
of the servo microcomputer when off -track is caused in the 
optical disc apparatus of Figure 2 . 

15 Figure 19 illustrates an I-L characteristic of a 

laser. 

■ Figure 20 is a block diagram showing an exemplary 

structure of a conventional control section which operates 
20 based on reflected light . 

Figure 21 shows the power output from the laser 
during formation of a recording mark. 

25 Figure 22 illustrates a method for controlling a 

plurality of powers by using the I-L characteristic. 

BEST MODE FOR CARRYING OUT THE INVENTION 

30 First, the basic concept of the present invention 

is described. 

A laser power control method according to the 



i:o o 3 ;i e ^' i?' «. o e; O E?' e-E" 



present Invention is achieved by a combination of control 
means for emitted light (first control section) which is 
incorporated in an optical disc apparatus and control means 
(second control section) for reflected light. The control 
5 means for emitted light controls the laser power by directly 
monitoring light emitted by a laser used for recording. The 
control means for reflected light controls the laser power 
based on light reflected from an optical disc. The control 
means for emitted light obtains an I-L characteristic 

10 (Injection current - Light intensity characteristic) which 
indicates the relationship between a driving current and 
an optical output of the laser at a specific environmental 
temperature. Based on the obtained I-L characteristic, the 
laser driving current is adjusted so as to obtain a 

15 appropriate laser power (appropriate power) which affects 
a recording surface of a recording medium for correctly 
recording information on the recording surface of the 
recording medium. The control means for reflected light 
obtains a laser driving current by which a loss of the laser 

20 power with respect to the appropriate power, which is caused 
when a defect such as dust, a fingerprint, etc. , is present 
on the optical disc, is compensated for. 

In the present invention, the control means for 
25 emitted light and the control means for reflected light do 
not operate simultaneously but alternately. That is, they 
are structured such that when the control means for emitted 
light operates, the control means for reflected light does 
not operates, and when the control means for reflected light 
30 operates, the control means for emitted light does not 
operates . 



More specifically, the control means for emitted 



i 0.0 7S J . '•-li 7" E" n, m s; o si 015' 



- 20 - P23176 

light operates when a laser optical beam is within an area 
other than data region on a track of the optical disc in 
which reproduction information data is recorded. In the 
meantime, the laser performs a test emission while switching 
5 the laser power at a low speed. By detecting the laser power 
of the test emission, the above I-L characteristic and a 
corrected laser driving current capable of generating an 
appropriate power required for recording information can 
be obtained. The thus -obtained laser driving current Is 
10 hereinafter referred to as a primary corrected laser driving 
current (first driving current). 

On the other hand, the control means for reflected 
light operates when a laser optical beam is within a data 

15 region on a track of the optical disc in which reproduction 
information data is recorded. In the meantime, the laser 
performs a recording emission with the power switching at 
a high speed suitable for recording of information. With 
this recording emission, the control means for reflected 

20 light obtains a laser power driving current such that when 
a power loss is generated in the laser power determined based 
on the primary corrected laser driving current due to a 
defect present on the optical disc, the loss can be 
compensated for, i.e., a laser power driving current such 

25 that a laser power which contributes to recording of 
information on the optical disc is at a sufficient and 
appropriate level required for recording information. The 
thus -obtained laser driving current is hereinafter referred 
to as a secondary corrected laser driving current (second 

30 driving current). 

By driving the laser using the primary corrected 
laser driving current or secondary corrected laser driving 
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current . each of a plurality of laser powers which contribute 
to recording of information on the optical disc is maintained 
at an appropriate level which is necessary for recording 
the information. According to the present invention, 
5 different control means (the control means for emitted light 
and the control means for reflected light) are respectively 
used for compensating for a variation in the laser power 
due to a change in the I-L characteristic which is caused 
by a variation in the environmental temperature and a power 

10 loss which is caused by a defect on an optical disc, so as 
to control the output power of a laser. With such an 
arrangement , in comparison to the conventional laser power 
control method, the accuracy and reliability of control 
where a plurality of levels of the power which are switched 

15 at a high speed are controlled is increased. 



Hereinafter, a principle of a laser power control 
method according to the present Invention is described with 
reference to Figures 1(a) to 1(c). 

20 

Figure 1(a) schematically shows a structure of a 
track 10 on an optical disc (not shown) and a transition 
of an optical beam 11 of a laser along the track 10 which 
is achieved by turning of the optical disc. The track 10 

25 is uniformly divided by units of a sector (12). The 
sector 12 has an address region (header region) at the head 
thereof where an address for identifying the sector 12 is 
recorded. The sector 12 further has a data region for 
recording reproduction data after the head region. 

30 Immediately after the header region, i.e., between the 
header region and the data region, there is provided a gap 
region where no data to be reproduced exists or is recorded. 
Figure 1(a) shows an example where a defect 13, e.g. , dirt. 
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such as a fingerprint, dust, etc., is present in the data 
region . 

Figure 1(b) is a timing chart showing a variation 
5 of the power of light reflected from the optical disc which 
is detected by a receiving element in an optical disc 
apparatus during scanning of the track shown in Figure 1(a) 
by an optical beam 11. If there is the defect 13 is present 
in the data region, when the optical beam 11 passes over 
10 the defect 13, the power of the reflected light decreases 
from level PrO to level Prl . 

Figure l(o) is a timing chart schematically showing 
a level variation of the emitted power (laser power) of a 

15 laser which is controlled according to a laser power control 
method of the present invention. A vertically-running 
broken line in these drawings indicates a temporal 
synchronization relationship between a position of the 
optical beam 11 over each of the regions shown in Figure 1(a) 

20 and the timing chart for the reflected light of Figure 1(b) 
and the timing chart for the laser power of Figure 1(a). 

As shown in Figure l(o), during period Tl when the 
optical beam 11 passes over the gap region, the laser 

25 performs a test emission while switching the laser power 
at a low speed. During period Tl, the control means for 
emitted light operates. In the meantime, the control means 
for reflected light does not operate during period Tl . In 
this test emission (in the example illustrated in 

30 Figure l(o)), light is emitted at the two powers, power Pkt 
and power Pbt . , The I-L characteristic, i.e., the quantum 
efficiency r\ and threshold current Ith (see Figure 19), of 
the laser can be obtained from the following expressions: 
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i1=(Pkt-Pbt)/(Ipkt-Ipbt) Expression (a) 

rth=Ipbt-Pbt/T) Expression (b) 

where Ipkt denotes a driving current of the laser when 
outputtlng power Pkt, and Ipbt denotes a driving current 
of the laser when outputtlng power Pbt. Based on the 
obtained quantum efficiency ^ and threshold current Ith, 
a driving current corresponding to a laser power required 
for recording information (primary corrected laser driving 
current) can be calculated according to a variation of the 
I-L characteristic which is caused by an environmental 
temperature variation from the following expressions: 

Ipk (primary) = Pk/ri+Ith Expression (c) 
Ibsl (primary) = Pbl/ti+Ith Expression (d) 
Ibs2 (primary) = Pb2/T|+Ith Expression (e) 

Since a test emission is performed while switching 
the laser power at a low speed in order to obtain the primary 
corrected laser driving current, in place of performing 
laser emission with the power switching performed at a high 
speed, an optical detector which operates at a low response 
speed may be used for directly monitoring the power output 
by the laser. Thus, it is not necessary to use an optical 
detector which operates at a high response speed, and 
accordingly, an Increase in the cost of an optical disc 
apparatus can be avoided. 

In Figure 1, the test emission is performed during 
a period when the optical beam passes over the gap region 
shown in Figure 1(a), but the present invention is not 
limited thereto . When a recording medium which does not have 
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a gap region is used, a region of the medium in which data 
other than effective data, i.e. , data other than data which 
is to be reproduced after being recorded, can be recorded 
may be accessed to perform a test emission. For example, 
5 when a DVD -RAM optical disc is used, the control means for 
emitted light is periodically operated while accessing a 
region called "drive test zone". In such a way, the present 
invention can be applied to a medium which does not have 
a gap region on a recording track. 

10 

In the example Illustrated in Figure 1, the test 
emission is performed with the two powers (power Pkt and 
power Pbt ) , but the present Invention is not limited thereto . 
It is understood that the primary corrected laser driving 
15 current can be obtained by performing a test emission with 
the three or more powers. It should be noted that, 
considering that an optical detector with a lower response 
speed is preferably used for monitoring an output from the 
laser, a test emission with two powers is most economical, 

20 

After period Tl for the test emission has elapsed, 
the optical bjeam 11 enters the data region. During 
period T2 when the optical beam 11 passes over this region, 
the operation of the control means for emitted light is 

25 stopped, whereas the control means for reflected light is 
operated instead. During period T2, the laser performs 
emission such that three powers (Pkt, Pbl, and Pb2) are 
switched at a high speed as shown in Figure 1(c) for 
correctly recording information. The three powers are 

30 determined based on the primary corrected laser driving 
current obtained by the control means for emitted light . 

As mentioned with respect to Figures 1(a) and 1(b), 
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when the optical beam 11 passes over the defect, e.g. , dust, 
a fingerprint, etc., which is present in the data region, 
the optical output power of the laser is partially scattered 
or absorbed by this defect and deviates from an appropriate 
5 power for recording information on the optical disc. 

As a result, the power of light reflected from the optical 
disc decreases from power PrO (which is obtained when no 
defect is present) to power Prl. On the other hand, in the 
present invention, the control means for reflected light 

10 detects a loss in level of the power of reflected light which 
is caused due to the defect during period T3 when the optical 
beam 11 passes over the defect 13, and this loss is 
compensated for based on the I-L characteristic obtained 
by the control means for emitted light during period Tl. 

15 In this way, a secondary corrected laser driving current 
is obtained. 

Thus, correction of the laser driving current which 
is achieved by the control means for reflected light is 

20 performed after correction for a variation of the laser power 
caused due to a variation of the I-L characteristic of the 
laser, which may be caused due to a variation in the 
environmental temperature, has been completed. Therefore, 
It is understood that a variation of the power of reflected 

25 light in the secondary correction which is performed by the 
control means for reflected light results from only the loss 
of power which is caused by a defect such as dust, a 
fingerprint, etc. Thus, the proportion of the power loss 
which is caused by a defect, i.e. , a ratio between the power 

30 of reflected light, Prl, which is obtained when a defect 
is present and the power of reflected light, PrO, which is 
obtained when a defect is not present (reflected light power 
variation rate {denoted by "a"')), is the same for each of 
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the three powers ( Pkt , Pbl , Pb2 ) . The control means for 
reflected light obtains secondary corrected laser driving 
currents ( Ipk( secondary ) , ibsl (secondary), Ibs2 
(secondary)) corresponding to the three powers (Pkt, Pbl, 
Pb2) which are appropriate for correctly recording 
information, by performing the following calculations using 
the reflected light power variation rate a' , and the quantxam 
efficiency Ti (expression (a)) and threshold current Ith 
(expression (b)) which are obtained during the operation 
of the control means for emitted light in period Tl 

Ipk( secondary) =(Pk/Ti+Ith) /a' ... Expression (f) 
Ibsl ( secondary) =(Pbl/Ti+Ith) /a' ... Expression (g) 
Ibs2( secondary) =(Pb2/Ti+Ith) /a' ... Expression (h) 

According to a method of the present invention, the 
three secondary corrected laser driving currents are more 
accurate values with a small error, in comparison to the 
conventional method. By using such laser driving currents, 
control of the laser power can be achieved in a more accurate 
manner. 

This embodiment of the present invention relates to 
control of the laser power with which recording of 
information is performed on an optical disc, but the present 
invention is not limited thereto. The present invention can 
be applied to laser power control for recording/reproduction 
of information for other recording medium on which 
recording/reproduction of information is performed by using 
a laser, e.g., an optical card or the like. 

In the description of the embodiment of the present 
invention, correction of the loss in the laser power which 
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is caused by a defect on the recording medium is performed 
by using the control means for reflected light (second 
control section) which utilizes light reflected from the 
recording medium. However, it is readily understood that 
the present invention can be applied to an optical 
information recording/reproduction apparatus which 
performs reproduction of information by using light 
transmitted through the recording medium. In this case, 
control means for transmitted light forms a second control 
section, in place of the control means for reflected light, 
although the structure and function of the second control 
section are the same. 

Hereinafter, an embodiment of an optical disc 
15 apparatus which carries out the above -described laser power 
control method is described. Figure 2 generally shows a 
structure of an embodiment of an optical disc apparatus 200 
according to the present invention. 

20 The optical disc apparatus 200 performs 

recording/reproduction of information with a pickup 2 on 
an optical disc 1. The pickup 2 includes a laser 3, a front 
photodetector 4 for receiving an optical beam output from 
the laser 3 and converting the power of the received optical 

25 beam to an electric signal, and a photodetector 5 for 
receiving an optical beam output from the laser 3 and 
reflected from the optical disc 1 and converting the power 
of the received optical beam to an electric signal. The 
pickup 2 is attached to a transfer table (moving section) 

30 capable of moving in the radius direction of the optical 
disc 1 based on a control instruction which is input from 
a servo microcomputer 17 (described later). The transfer 
table helps an operation of gathering an optical beam output 
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fr-om the laser 3 through an objective lens (not shown In 
Figure 2) on a track formed on the optical disc 1. 

The optical disc 1 has a plurality of tracks running 
in the radius direction formed thereon. The tracks are 
divided into sectors 12, each of which is a unit for 
recording data (see Figure 1(a)). Each sector has an 
address region (header region) at the head thereof where 
an address for identifying the sector is recorded. The 
sector 12 further has a data region for recording 
reproduction data after the head region. Immediately after 
the header region, i.e. , between the header region and the 
data region, there is provided a gap region where no data 
to be reproduced exists or is recorded. The optical disc 1 
is rotated by a motor 6 at a predetermined speed. Data is 
recorded on the optical disc 1 according to the power of 
an optical beam output from the pickup 2. 

The front photodetector 4 converts the power of the 
optical beam received from the laser 3 to an electric signal 
and outputs the electric signal to an A/D converter 7 . The 
A/D converter 7 converts the analog signal from the front 
photodetector 4 to a digital signal and outputs the digital 
signal to an emitted light control section 8. The emitted 
light control section 8 forms the above-described laser 
power control means for emitted light (control means for 
emitted light) of the present invention. The emitted light 
control section 8 obtains a desired electric currents for 
driving the laser 3, Ipk, Ibsl, Ibs2, or Ird (primary 
corrected laser driving current) according to the output 
of the front photodetector 4 which is input through the A/D 
converter 7, such that the power of the optical beam is equal 
to a corresponding one of the three powers (Pk, Pbl, Pb2) 
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which are used for recording information on the optical 
disc 1 and reproduction power Pr for reproducing 
information on the disc 1, which are stored in a memory of 
the emitted light control section 8. Then, the emitted 
5 light control section 8 outputs the obtained, desired 
electric current to an input terminal 9a of a switch 9 . The 
emitted light control section 8 obtains values of threshold 
current Ith and quantum efficiency r\ for the laser 3 and 
outputs the obtained values to a reflected light control 
10 section 12 (described later). The values of the three 
powers (Pk, Pbl, Pb2) and the reproduction power Pr which 
are scored in a memory of the emitted light control section 8 
can be set by the servo microcomputer 17 (described later) . 

The photodetector 5 which receives reflected light 
from the optical disc 1 has, for example, a two-division 
structure. Outputs of the two divisions are input to a 
differential amplifier 20 and an adder 21, The adder 21 
adds two input signals and outputs the added signal. An 
output of the adder 21 is input, as an RF signal which 
indicates information recorded in the optical disc 1, to 
a signal processing section 22 and the servo 
microcomputer 17. The differential amplifier 20 outputs a 
difference of the two input signals . The signal output from 
the differential amplifier 20 is input to the servo 
microcomputer 17 and a wobble amplitude detector 10 as a 
tracking error signal to be used for tracking control which 
is performed to allow an optical beam to follow a track. 

30 The wobble amplitude detector 10 extracts from the 

input tracking error signal a certain frequency component 
at which a track on the optical disc 1 wobbles, and outputs 
to the A/D converter 11 a wobble amplitude signal where an 
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envelope is detected. The A/D converter 11 converts the 
signal input from the wobble amplitude detector 10, from 
analog to digital, and outputs the converted signal to the 
reflected light control section 12. The reflected light 
control section 12 forms the above -described laser power 
control means for reflected light (control means for 
reflected light ) of the present invention. The reflected 
light control section 12 detects the value of a variation 
in the output of the wobble amplitude detector 10 which is 
input through the A/D converter 11 with respect to a value 
output from an internal amplifier (not shown in Figure 2). 
The reflected light control section 12 obtains an electric 
current for driving the laser 3, Ipk, Ibsl, and Ibs2 
( secondary corrected laser driving current ) , based on the 
values of the threshold current Ith and quantum efficiency ti 
which are input from the emitted light control section 8, 
and outputs the obtained electric current to an input 
terminal 9b of the switch 9. An output of the above 
amplifier is input to the servo microcomputer 17 . The servo 
microcomputer 17 changes the amplification factor of the 
amplifier according to the information input from the 
amplifier, and outputs the changed value to the reflected 
light control section 12. 

The switch 9 selects one of the emitted light 
control section 8 and the reflected light control section 12 
according to a two-value input (high (H) or low (L)) from 
a control terminal 9a, and outputs an output of the selected 
section to a recording waveform generation section 13. The 
recording waveform generation section 13 switches, based 
on a control signal input from a recording information 
generation section 19 and a gate signal input from a gate 
generator 15, the four driving current values, Ipk, Ibsl, 
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Ibs2, and Ird, which are input through the switch 9, and 
outputs the switched driving current value to a driving 
section 14. The driving section 14 drives the laser 3 
based on the input current value . 

5 

The RF signal from the photodetector 5 is also input 
to the signal processing section 22, The signal processing 
section 22 is a circuit for reproducing, based on the RF 
signal, data recorded on the optical disc 1. The signal 

10 processing section 22 reproduces an address for identifying 
a sector of the optical disc 1 and outputs the reproduced 
address to the servo microcomputer 17 and the gate 
generator 15. The gate generator 15 detects the position 
of an optical beam within a sector by counting the number 

15 of edges of a reference clock (29.2 MHz for a DVD-RAM optical 
disc having a capacity of 2 . 6 Gbytes on one surface) which 
is used for recording/reproduction of information, and 
outputs two types of gate signals according to the detected 
position and the address input from the signal processing 

20 section 22. Details of the two types of gate signals will 
be described later with reference to Figure 8. One of the 
gate signals is a write gate signal which is high (H) when 
the optical beam is within an area other than an address 
region (header region) of a sector in which data is recorded. 

25 The other gate signal is a data gate signal which is high 
(H) when the optical beam is within an area of a sector in 
which data can be recorded (data region). The write gate 
signal is input to the emitted light control section 8. the 
reflected light control section 12, the servo 

30 microcomputer 17, an AND circuit 16, and the recording 
waveform generation section 13. The data gate signal is 
input to the reflected light control section 12 and the AND 
circuit 16. The AND circuit 16 outputs to the control 
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terminal 9o of the switch 9 a signal of a logical product 
of the write gate signal, the data gate signal, and an output 
signal of the servo microcomputer 17. In the present 
specification, the AND circuit 16 and the switch 9 form a 
5 selection section for selecting one of the outputs of the 
emitted light control section 8 (first control section) and 
the reflected light control section 12 (second control 
section) as a driving current for driving the laser. 

10 The servo microcomputer 17 (not shown in Figure 2) 

receives a focus error signal output from the pickup 2 and 
performs focusing control so as to control the position of 
an objective lens of the pickup 2 such that the optical beam 
converges on the information recording surface of the 

15 optical disc 1. The servo microcomputer 17 further 
performs tracking control so as to allow the position of 
the optical beam to follow the track according to the 
tracking error signal input from the differential 
amplifier 20. The servo microcomputer 17 performs seek 

20 control so as to output a control signal to the pickup 2, 
based on a control signal input from a control 
microcomputer 18 and an address input from the signal 
processing section 22 for identifying a sector through which 
the optical beam is currently passing, such that the pickup 2 

25 is moved in a radius direction of the optical disc 1 to move 
the position of the optical beam. The servo 

microcomputer 17 performs spindle motor control wherein the 
servo microcomputer 17 receives from the motor 6 rotation 
speed information for the optical disc 1 and drives the 

30 motor 6 based on the received information so as to rotate 
the optical disc 1 at a predetermined speed. Furthermore, 
the servo microcomputer 17 outputs to the reflected light 
control section 12 a value for switching the amplification 
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factor for an amplifier in the reflected light control 
section 12 which is determined according to an output of 
the amplifier in the reflected light control section 12, 
an RF signal input from the photodetector 5, and the H/L 
5 level of the write gate signal input from the gate 
generator 15. The servo microcomputer 17 monitors the 
rotation speed of the motor 6, the level of the tracking 
error signal, and the output of the amplifier in the 
reflected light control section 12, and outputs to the 
10 emitted light control section 8 set values for a memory 
incorporated in the emitted light control section 8 based 
on the conditions inside the servo microcomputer 17. 
Furthermore, the servo microcomputer 17 outputs to the AND 
circuit 16 a forced outage signal for forcedly pulling the 
15 output of the AND circuit 16 to the L level. Effects of the 
operations of the servo microcomputer 17 will be described 
later in detail. 

The control microcomputer 18 outputs to the servo 
microcomputer 17 an instruction to move the pickup 2 and 
transmits to the recording information generation 
section 19 data to be recorded on the optical disc 1. In 
order to form a recording mark to be recorded on the optical 
disc 1 based on recording data transmitted from the control 
microcomputer 18, the recording information generation 
section 19 outputs to the recording waveform generation 
section 13 a control signal which directs a timing for 
switching at the recording waveform generation section 13 
the three driving current values, Ipk, Ibsl, and lbs 2, which 
are output via the switch 9 and a driving current to be 
selected. 

Figure 3 shows a relationship between a control 
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signal output from the recording information generation 
section 19 and the current value selected in the recording 
waveform generation section 13. Figure 3(a) is a 

conceptual diagram in which the period when a mark to be 
recorded on the optical disc 1 is formed is expressed by 
two levels, H and L. The recording mark is formed on the 
optical disc 1 during the H level period. Figure 3(b) is 
a conceptual diagram showing the power of the optical beam 
output from the laser 3 during the H level period shown in 
Figure 3(a). In the drawings, the power for 

reproduction, Pr, is shown by a broken line of 1 mW. When 
a recording mark is formed, the three powers Pk=ll mW, 
Pbl=5 . 5 mW, and Pb2=l .5 mW, which are shown above the broken 
line of 1 mW, are output. Figure 3(c) shows control 
signals Cpk, Cbsl, and Cbs2 transmitted from the recording 
information generation section 19 to the recording waveform 
generation section 13, based on which the timing for 
switching the three driving currents Ipk, Ibsl, and lbs 2 
at the recording waveform generation section 13 and a 
driving current to be selected are determined, such that 
the power of the optical beam output from the laser 3 is 
changed as shown in Figure 3(b). When the control 
signals Cpk, Cbsl, and Cbs2 are at H level, corresponding 
currents Ipk, Ibsl, and Ibs2 are selected, respectively. 
Switching of the level of each of the signals Cpk, Cbsl, 
and Cbs2 shown in Figure 3(c) is achieved very quickly. 
Especially, the signals Cpk and Cbs2 are switched to the 
H level with an interval of about 34 ns. Since the front 
photodetector 4 used herein is a light receiving element 
capable of converting a power to an electric signal by units 
of about 500 ns, it is impossible to identify each of the 
three powers of the optical beam output from the laser 3 
during the formation of a recording mark. The 
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photodetector 5 also cannot identify the three powers of 
the optical beam reflected by the optical disc 1, and the 
output thereof is a general average of the three powers. 

Next, the structure and operation of the emitted 
light control section 8 are described with reference to 
Figure 4. The emitted light control section 8 includes a 
memory 23 and a digital signal processing circuit 24. The 
memory 23 stores the three laser powers for performing 
correct recording, Pk, Pbl, and Pb2, and an appropriate 
reproduction power Pr. The values of these powers can be 
set by the servo microcomputer 17 . The values stored in the 
memory 23 can be read by the digital signal processing 
circuit 24 . The values stored in the memory 23 can also be 
read by a digital signal processing circuit 33 of the 
reflected light control section 12, which will be described 
later with reference to Figure 5. The characteristics of 
the laser 3 are varied according to a change in the 
environmental temperature or the like. Since the threshold 
current (Ith) and quantum efficiency (ri) are accordingly 
varied, the power of the output optical beam deviates from 
the values of Pk, Pbl, Pb2, and Pr set in the memory 23 with 
respect to the input driving current. 

The digital signal processing circuit 24 calculates 
the threshold current Ith and quantum efficiency t] from an 
output of the A/D converter 7 when the level of the write 
gate signal input from the gate generator 15 is at the H 
level, and output the calculated values to the reflected 
light control section 12. Moreover, the digital signal 
processing circuit 24 calculates the values of Ipk, Ibsl, 
and Ibs2 such that the powers of the optical beam are equal 
to the value of Pk , Pbl , and Pb2 which are set in the memory 23 , 



10 



15 



- 36 - P23176 

and output the calculated values to the switch 9. When the 
level of the write gate signal is at the L level, the digital 
signal processing circuit 24 calculates the value of 
current Ird from the output of the A/D converter 7 such that 
the power of the optical beam is equal to the value of Pr 
set in the memory 23, and outputs the calculated value to 
the switch 9 . In the following descriptions , a loss of power 
which may be caused when the optical beam is transmitted 
through an objective lens or the like incorporated in the 
pickup 2 ( not shown in Figure 2 ) is included in the quantum 
efficiency t] . 

Next, the structure and operation of the reflected 
light control section 12 are described with reference to 
Figure 5. The reflected light control section 12 includes 
a low pass filter 31, a variation rate detection circuit 32, 
a digital signal processing circuit 33, an amplifier 34, 
and a digital filter 35. The low pass filter 31 receives 
an output of the A/D converter 11, and an output of the low 
pass filter 31 is input to the amplifier 34 having a variable 
amplification factor. The amplifier 34 is structured such 
that the amplification factor thereof is set by the digital 
signal processing circuit 33. The amplifier 34 amplifies 
the input signal at the set amplification factor and outputs 
the amplified signal to the servo microcomputer 17 and the 
variation rate detection circuit 32. The variation rate 
detection circuit 32 receives the output of the A/D 
converter 11 and the output of the amplifier 34, and uses 
the output of the amplifier 34 as a reference so as to obtain 
a value by dividing the output of the A/D converter 11 by 
the output of the amplifier 34 . The obtained value is output 
to the digital signal processing circuit 33. The digital 
signal processing circuit 33 calculates Ipk, Ibsl, and Ibs2 
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according to the output of the variation rate detection 
circuit 32 when the level of the write gate signal and the 
data gate signal input from the gate generator 15 are at 
the H level, and outputs the calculated values to the 
5 switch 9. Herein, Ipk, Ibsl, and Ibs2 are calculated by 
using the values of r] and Ith which are input from the emitted 
light control section 8 and the values of Pk, Pbl, and Pb2 
which are set in the memory 23. Further, the digital signal 
processing circuit 33 receives from the servo 

10 microcomputer 17 information for changing the 
amplification factor of the amplifier 34 and changes the 
amplification factor of the amplifier 34 based on the 
information. Furthermore, the digital signal processing 
circuit 33 outputs a portion of the result calculated inside 

15 thereof to the digital filter 35 having characteristic of 
a low pass filter. The digital filter 35 delays the received 
value by a time corresponding to a delay characteristic of 
the low pass filter, and outputs the delayed value back to 
the digital signal processing circuit 33. 

20 

Next, the structure of the wobble amplitude 
detector 10 is described with reference to Figure 6. 
Figure 6 shows the structure of the wobble amplitude 
detector 10 of Figure 2. The power of the optical beam 

25 output from the laser 3 and reflected by the optical disc 1 
is received by the photodetector 5 having a two -division 
structure and converted to an electric signal, which is then 
output to the differential amplifier 20. The differential 
amplifier 20 outputs a difference of the two input signals 

30 to the wobble amplitude detector circuit 10. A band pass 
filter 41 shown in Figure 6 extracts a specific frequency 
component from the signal input from the differential 
amplifier 20 and outputs the extracted component. An 
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output of the band pass filter 41 is input to an envelope 
detection circuit 42, and an envelope of the input signal 
is extracted and output . 

5 Herein, the output of the differential amplifier 20 

is a tracking error signal which is used when performing 
tracking control which is commonly conducted in an optical 
disc apparatus. An optical disc such as a DVD-RAM or the 
like is formed so as to have a track wobbling at a constant 

10 frequency in the radius direction. Thus, the output of the 
differential amplifier 20 includes a variation which is 
caused by a wobbling of the track. The band pass filter 41 
extracts only a frequency component which is caused due to 
the wobbling of the track from the output of the differential 

15 amplifier 20 (157 kHz for a DVD-RAM optical disc having a 
capacity of 2 . 6 Gbytes on one surface ) . A signal output from 
the envelope detection circuit 42 has a same amplitude as 
that of the output of the band pass filter 41. That is, the 
amplitude of the signal output from the envelope detection 

20 circuit 42 is the same as that of the extracted wobbling 
component. In the description below, the output of the 
envelope detection circuit 42 is referred to as a wobble 
amplitude . 

25 When a defect, e.g., dirt, such as dust, a 

fingerprint, etc., is present on the optical disc 1, the 
optical beam is partially absorbed or scattered by the defect 
before reaching the information recording surface of the 
optical disc 1. The scattered portion of the optical beam 

30 returns to the photodetector 5 having a two-division 
structure, and is subjected to difference-processing to be 
removed in the differential amplifier 20. Thus, only an 
unscattered portion of the optical beam is reflected by the 
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optical disc 1 and input to the photodetector 5 . An output 
of the photodetector 5 which has detected the optical beam 
left unscattered is decreased in comparison to that before 
the defect is attached. As the output of the photodetector 5 
5 is decreased, the output of the differential amplifier 20 
is decreased. As a result, the output of the wobble 
amplitude detector circuit 10 is decreased. That is, the 
level of the wobble amplitude signal is decreased during 
when the optical beam is passing over the defect. According 

10 to such a variation, the digital signal processing 
circuit 33 calculates Ipk, Ibsl, and Ibs2 such that the power 
reaching the information recording surface becomes an 
optimum power for forming a recording mark on the medium, 
and outputs the calculated Ipk, Ibsl, and lbs 2 to the 

15 switch 9. 

Figure 7 shows an operation of detecting a variation 
of the wobble eimplitude by the variation rate detection 
circuit 32. Figure 7(a) shows a signal having a frequency 

20 of 157 kHz which is extracted by the band pass filter 41 
in a graph where the horizontal axis denotes the time and 
the vertical axis denotes the voltage. Figure 7(b) shows 
the waveform of the wobble amplitude output from the envelope 
detection circuit 42 when a signal having the waveform shown 

25 in Figure 7(a) is input. Between time tl and time t2, the 
wobble amplitude is decreased when the optical beam passes 
over the defect. On the other hand, the width of a track 
and the edge angle of a groove which forms the track vary 
when the optical disc 1 is produced. The wobble amplitude 

30 which is generated from a wobbling component of the track 
formed on the optical disc 1 varies according to the 
variations in the track width and the edge angle of the groove . 
The variation in the wobble amplitude is a factor which is 
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independent of the variation in the wobble amplitude which 
is caused when obtaining an appropriate power for forming 
a recording mark on the optical disc 1. 

5 Hereinafter, among the above variations, a 

variation which is caused when the optical beam is scanning 
a track is referred to as a circumferential variation, and 
a variation detected when the optical beam is moving in the 
radius direction of the optical disc 1 is referred to as 

10 a radius variation. The circumferential variation is 
caused at a frequency such that the original value of the 
wobble amplitude is recovered after a single turn of the 
optical disc 1. That is, the circumferential variation is 
caused at the rotation frequency of the optical disc 1. A 

15 reference value used for detecting a variation in the wobble 
amplitude should follow a variation in this frequency but 
should not follow the variation frequency resulting from 
a defect or the like. Thus, an output of the low pass 
filter 31 which passes through a band corresponding to the 

20 rotation frequency of the optical disc 1 is used as the 
, reference value for detecting a variation in the wobble 
amplitude. In the case where the output of the low pass 
filter 31 is used as the reference value, the reference value 
follows an in-plane variation of the wobble amplitude, but 

25 does not follow a variation resulting from a defect or the 
like. Thus, only the variation in the wobble signal which 
results from a defect or the like can be detected. When the 
optical disc 1 is a DVD-RAM optical disc having a capacity 
of 2 . 6 Gbytes on one surface, the rotation frequency of the 

30 optical disc 1 is about 15 Hz to 38 Hz, and the variation 
frequency for the wobble amplitude which results from a 
defect is several hundreds of hertz to several tens of 
kilohertz . Thus , a filter having a cutoff frequency of about 
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50 Hz to 100 Hz is used as the low pass filter 31. 

In a rewritable optical disc such as a DVD-RAM 
optical disc, during recording of information, a recording 
5 operation is sometimes performed together with a seeking 
operation of moving the position of the optical beam from 
a track in which recording is currently performed to another 
track. When recording of information is performed 
immediately after the seeking operation, a difference is 

10 caused between the wobble amplitude immediately before the 
seeking operation and the wobble amplitude immediately after 
the seeking operation due to the radius variation in the 
wobble amplitude. This difference appears as a power 
difference detected by the photodetector 5. However, this 

15 difference is varied at a frequency much higher than the 
band of the low pass filter 31 and accordingly is not 
distinguished from the variation caused in the wobble 
amplitude due to a defect. Thus, there is left a possibility 
that an error occurs in the power which is control by the 

20 reflected light control section 12. In order to prevent 
this problem, the digital signal processing circuit 33 
operates so as to change the amplification factor of the 
amplifier 34 based on the information input from the servo 
microcomputer 17 immediately before and immediately after 

25 the seeking operation, such that the output of the 
amplifier 34 is maintained to be constant . 

Since the wobble amplitude varies according to the 
power irradiated on the optical disc 1, if a frequency at 
30 which the power of the output optical beam is varied is beyond 
the band of the low pass filter 31 after the operations of 
the emitted light control section 8 and the reflected light 
control section 12, it is necessary to correct the 
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amplification factor of the amplifier 34 before and after 
the power is varied, such that the output of the amplifier 34 
is maintained to be constant . 

5 When the value set in the memory 23 of the emitted 

light control section 8 is varied, the above correction is 
performed by changing the amplification factor of the 
amplifier 34 based on a proportion obtained by changing the 
set value by the servo microcomputer 17. A variation 

10 component in the wobble amplitude which is caused by a factor 
independent of a variation in the optimum power for forming 
a recording mark can be absorbed by operating the low pass 
filter 31 and the amplifier 34 in a combined manner . Thus, 
only a variation in the wobble cimplitude which is caused 

15 due to a defect can be detected by the variation rate 
detection circuit 32. 

An operation of detecting the variations in the 
wobble amplitude shown in Figure 7 by using the variation 

20 rate detection circuit 32 is described in detail. In 
Figure 7 (a), waveform 1 represents an output of the A/D 
converter 11 when a signal having a waveform shown in 
Figure 7(b) is input, and waveform 2 represents an output 
of the amplifier 34 when a signal having waveform 1 is input . 

25 The variation rate detection circuit 32 uses the output of 
the amplifier 34 ( represented by waveform 2) as a reference 
to detect a variation in waveform 1 as a variation in the 
wobble amplitude which is caused due to a defect. 

30 Hereinafter, a supplemental description is provided 

with exemplary values. First, an output of the wobble 
amplitude detector circuit 10 is varied according to the 
power of an optical beam output from the laser 3. That is. 
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an output of the wobble amplitude detector circuit 10 is 
varied because the power of the optical beam is different 
between a recording operation and a reproduction operation 
of the apparatus. In the reproduction operation, the 
5 power Pr=l mW is output. In the recording operation, a 
generally averaged power obtained by switching the powers, 
Pk=ll mW, Pbl=5.5 mW, and Pb2=1.5 mW, is output. For the 
purpose of simplifying the explanation, the generally 
averaged power is assumed to be about 10 mW, and in this 
10 case, the output for the recording operation is ten times 
greater than that for the reproduction operation. 

Assume that the level of a signal output from the 
wobble amplitude detector circuit 10 during a recording 
operation when a defect is not present on the optical disc 1 
is about 1 V. Further assume that the output of the wobble 
amplitude detector circuit 10 exhibits 800 mV due to a 
circumferential variation in the wobble amplitude. In this 
case, a value output from the A/D converter 11 is 800 mV. 
Thus, a value input to the low pass filter 31 is 800 mV. 
Since the circumferential variation is smaller than the 
cutoff frequency of the low pass filter 31, the output of 
the low pass filter 31 is 800 mV. If the amplification 
factor of the amplifier 34 is 1, an output of the variation 
rate detection circuit 32 is 800/800=1, i.e., a variation 
is not detected. 

Alternatively, assume a case where the output of the 
wobble amplitude detector circuit 10 results in 560 mV by 
30 passage of the optical beam over a region in which a defect 
is present. Since the low pass filter 31 cannot follow this 
variation, the low pass filter 31 outputs a value of 800 mV. 
Thus, the output of the variation rate detection circuit 32 
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results in 560/800=0.7. As a result, a decrease In the 
wobble amplitude by 30% due to a defect can be detected. 
In a later section, the amplification factor of the 
amplifier 34 will be described with specific values. 

5 

Next, an operation of the gate generator 15 is 
described with reference to Figure 8. Similar to 
Figure 1(a), Figure 8(a) schematically shows a transition 
of an optical beam along a track which is achieved by means 

10 of rotation of the optical disc 1. The track 10 is uniformly 
divided by units of a sector (12). The sector 12 has an 
address region (header region) at the head thereof where 
an address for identifying the sector 12 is recorded. A 
region which is present immediately after the header region 

15 and in which no data to be reproduced exists or no data is 
recorded is referred to as a gap region. The gap region is 
followed by a data region for recording data. 

Figure 8(b) shows a timing chart for a write gate 
20 signal which is output when an optical beam Is within the 
regions shown in Figure 8(a). Figure 8(o) shows a timing 
chart for a data gate signal which is output when the optical 
beam is within the regions shown in Figure 8(a) . In Figure 8 , 
vertically- running broken lines indicate a temporal 
25 synchronization relationship between a position of the 
optical beam over the regions shown in Figure 8(a), and the 
timing chart for the write gate signal in Figure 8(b) and 
the timing chart for the data gate signal in Figure 8(o). 

30 The gate generator 15 identifies, by an address 

input from the signal processing section 22, a sector over 
which the optical beam is currently passing as a sector in 
which information is to be recorded, and outputs a write 
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gate signal which rises to the H level at the start of the 
gap region. The write gate signal is maintained to be at 
the H level until the optical beam reaches the start of a 
header region in a next sector, and falls to the L level 
5 again in the header region. The gate generator 15 outputs 
a data gate signal which is at the H level when the optical 
beam is passing over the data region and is otherwise at 
the L level regardless of whether information is to be 
recorded in a current sector. Figure 8(d) will be described 
10 lat^r. 

Next, an operation of the AND circuit 16 is 
described. The AND circuit 16 receives a write gate signal 
and a data gate signal output from the gate generator 15 

15 and a forced outage signal output from the servo 
microcomputer 17. The forced outage signal is at the L level 
when an operation of the optical disc apparatus 200 having 
the components shown in Figure 2 is begun and when the 
optical beam goes off the track (off -track) that is currently 

20 scanned, and Is otherwise at the H level. An operation which 
uses the forced outage signal output from the servo 
microcomputer 17 is described later. At the beginning of 
the operation of the apparatus and at the time of off -track, 
the output of the servo microcomputer 17 is at an L level. 

25 Thus, a L level signal is output from the AND circuit 16 
regardless of the level of the other input signals . On the 
other hand, the output of the servo microcomputer 17 is at 
a H level except at the beginning of the operation of the 
apparatus and at the time of off -track, and the output of 

30 the AND circuit 16 is determined based on the polarity of 
any other input signal. As described above, the write gate 
signal is at the H level for the gap region and the data 
region in a sector in which information is recorded, and 
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is otherwise at the L level. The data gate signal is always 
at the H level in the data region and is otherwise at the 
L level. Thus, when the forced outage signal output from 
the servo microcomputer 17 is at the H level, the output 
5 of the AND circuit 16 is at the H level in the data region 
in a sector in which information is recorded and is otherwise 
at the L level. 

Next, an operation of the switch 9 which operates 

10 according to an input from the AND circuit 16 is described 
with reference to Figure 9. First, the switch 9 is switched 
to an output side 9b of the reflected light control 
section 12 when an input signal at a control terminal is 
at the H level, and is switched to an output side 9a of the 

15 emitted light control section 8 when the input signal at 
the control terminal is at the L level . Thus , only when an 
of f -track does not occur and when the optical beam is within 
the data region during a data recording operation does the 
input of the switch 9 switch to the output side 9b of the 

20 reflected light control section 12. Otherwise, the input 
of the switch 9 is switched to the output side 9a of the 
emitted light control section 8. Figure B(d) shows the 
selection of the outputs of the emitted light control 
section 8 and the reflected light control section 12 by the 

2 5 switch 9 when the optical beam is passing over the sector 
shown in Figure 8(a). 

The write gate signal is input in the recording 
waveform generation section 13. When the write gate signal 
30 is at the L level, the value of Ird is selected in the 
recording waveform generation section 13, and the selected 
value of Ird is output to the driving section 14 . The power 
of the optical beam output from the laser 3 is controlled 
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so as to be the value of Pr . which Is used for reproducing 
data in the optical disc 1 . 

Hereinafter, an operation and function of each of 
5 the components shown in Figure 2 are described in more 
detail . 

First, an operation performed when an optical beam 
is present within a sector in which information is to be 

10 recorded, and the optical beam is passing over a region 
having no defect within a data region, and an operation 
performed when the optical beam is passing over a defect 
present in the data region will be described. Then, an 
operation performed when the defect extends to the head of 

15 a data region in a next sector will be described . Thereafter , 
a function of each component of the optical disc apparatus 
shown in Figure 2 which is achieved when the optical disc 
apparatus starts to operate, an operation performed when 
an appropriate power for forming a recording mark is varied 

20 in a band lower than that of the low pass filter 31, an 
operation performed when recording of information is 
performed together with a seeking operation, and an 
operation performed when an off -track occurs during the 
recording of information will be described in this order. 

25 

An operation performed when an optical beam is 
present within a sector in which information is to be 
recorded, and the optical beam is passing over a region 
having no defect within a data region, and an operation 
30 performed when the optical beam is passing over a defect 
present in the data region are described with reference to 
Figures 10 and 11. Figure 10 is a flowchart illustrating 
an operation of the digital signal processing circuit 24 
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in the emitted light control section 8. Figure 11 is a 
flowchart illustrating an operation of the digital signal 
processing circuit 33 in the reflected light control 
section 12. 

5 

Prior to the processing of Figures 10 and 11, the 
motor 6 " rotates the optical disc 1 at a predetermined 
rotation speed. The servo microcomputer 17 performs 
focusing control such that the optical beam is focused on 
10 the information recording surface of the optical disc 1, 
and performs tracking control such that the optical beam 
follows a track of the optical disc 1. 

First, the optical beam is placed before the header 
15 region in a target sector in which data is recorded. Then, 
when the optical beam reaches the head of the header region, 
both the write gate signal and the data gate signal which 
are output from the gate generator 15 are at the L level, 
and the forced outage signal output from the servo 
20 microcomputer 17 is at the H level. The AND circuit 16 
outputs a low (L) signal to the switch 9, and the switch 9 
switches its input to the output side 9a of the emitted light 
control section 8. 

25 The recording waveform generation section 13 

receives the write gate signal at the L level, and 
accordingly, selects the value of Ird, among the four driving 
current values Ipk, Ibsl, Ibs2, and Ird, which are input 
through the switch 9, and outputs the selected value to the 

30 driving section 14. The power of the optical beam output 
from the laser 3 is the reproduction power represented by 
the value of Pr. 



step Al in Figure 10 is a processing step for 
detecting the polarity of the write gate signal . The process 
proceeds to step All because the write gate signal is at 
the L level. Step All is a processing step for calculating 
5 the value of Ird. An operation for the processing is 
commonly employed in an optical disc apparatus , and 
therefore, detailed descriptions thereof are omitted. The 
value of Ird is obtained according to a difference between 
the output of the A/D converter 7 and the value of Pr which 
10 is set in the memory 23 such that the value of Pr is generally 
constant, and the obtained value of Ird is output to the 
switch 9. The process then returns to step Al again. 

Step Rl in Figure 11 is a processing step for 
15 detecting the polarity of the write gate signal. The 
reflected light control section 12 detects that the write 
gate signal is at the L level, and performs the processing 
at step Rl again and is on standby until the write gate signal 
rises to the H level. During reproduction of information 
20 in the header region, the signal processing section 22 
outputs to the gate generator 15 an address for identifying 
a sector in which the optical beam is present. The gate 
generator 15 identifies a sector currently scanned by the 
optical beam as a sector in which information is to be 
25 recorded, and pulls the write gate signal to the H level 
when the optical beam reaches the head of the gap region. 

At step Al . it is detected that the write gate signal 
is at the H level, and the process proceeds to step A2 . In 
30 this example, electric currents having specific values, 12 
for Ipk and II for Ibsl, are output. After detecting that 
the write gate signal rises to the H level, the recording 
waveform generation section 13 selects and outputs Ibsl and 
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Ipk to the driving section 14 every 500 ns which is the time 
the front photodetector 4 requires to convert the power of 
the optical beam into an electric signal. Thereafter, the 
three currents Ipk, Ibsl, and Ibs2 are switchingly output 
5 for forming a recording mark as described above with 
reference to Figure 3 , 

Assume that the laser 3 output power PI when an 
electric current corresponding to value II of Ibsl is output 

10 to the driving section 14, and the laser 3 output power P2 
when an electric current corresponding to value 12 of Ipk 
is output to the driving section 14. First, at step A2, 
specific current value II, which results in Ibsl=Il, is 
output . > At step A3 , after 500 ns , which is the time required 

15 for stabilizing the output in the front photodetector 4, 
has passed, power PI of the received optical beam is input 
through the A/D converter 7. At the subsequent step, 
step A4, specif ic current value 12 , which results in Ipk=I 2 , 
is output. At step AS, similarly to step A3, power P2 of 

20 the optical beam received after 500 ns is input through the 
A/D converter 7. Hereinafter , an example is described with 
a specific values, where PI is 5 mW when II is 38 mA, and 
P2 is 10 mWwhenI2is47 mA. At the subsequent step , step A6 , 
quantum efficiency 7] of the laser 3 is obtained by the 

25 following expression, and the obtained quantum efficiency t] 
is output to the reflected light control section 12: 

ri = (P2-P1)/(I2-I1) 
= (10-5)/(47-38) 
30 =0.55 (mW/mA) . 

Next, at step A7 , threshold current Ith of the 
laser 3 is obtained by the following expression, and the 
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obtained current Ith Is output to the reflected light 
control section 12: 



Ith = Il-Pl/ri 
5 = 38-5/0.55 

= 28.9 (mA). 



Subsequently, at step A8, the values Pk, Pbl, and 
Pb2 which are set in the memory 23 are read out . In this 
10 example, Pk=ll mW, Pbl=5.5 mW, Pb2=1.5 mW. 



At step A9, Ipk, Ibsl, and Ibs2 are obtained by the 
following expressions, and the obtained values are output 
to the switch 9 : 

15 

Ipk = 1/YiXpk+Ith 

= 1/0.55X11 + 28.9 

= 48.9(mA) 
Ibsl = l/iriXpbl + Ith = 38.9 mA 
20 Ibs2 = l/'nXpb2+Ith = 31.6 mA 



Ith and tj can be determined by the above expressions even 
when a change in the environmental temperature causes a 
variation in the I-L characteristic of the laser 3. Thus. 
25 the driving currents , Ipk, Ibsl, andlbs2, which are required 
for outputting Pk, Pbl, and Pb2, can be corrected. 



Herein, the gap region is a region where no data to 
be reproduced exists, and no data is to be recorded as 
30 described above. Thus, data to be recorded in the optical 
disc 1 and data recorded in the optical disc 1 cannot be 
damaged even when power PI and power P2 , which are different 
from the power used for forming a recording mark as described 
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above, are output for 500 ns . Thus, a photodetector with 
a lower band can be used as the front photodetector 4. After 
the period of 1 fxs In total, where above powers PI and P2 
are output when the optical beam is passing over the gap 
5 region, has elapsed, the recording waveform generation 
section 13 switches newly-updated values Ipk, Ibsl, and 
Ibs2 at a high speed according to the control signal from 
the recording Information generation section 19, and the 
selected value is output to the driving section 14, in order 
10 to form a recording mark as described above. Next, an 
operation of the reflected light control section 12 which 
is performed when the optical beam is present within the 
gap region is described. 

15 At step Rl, it is detected that the write gate signal 

Is at the H level, and the process proceeds to step R2. 
Step R2 is processing for detecting the polarity of the data 
gate signal. The process proceeds to step RAl because the 
data gate signal is at the L level when the optical beam 

20 is passing over the gap region. Herein, as described above, 
the frequency of a variation in the wobble amplitude which 
is caused when the optical beeun passes over a defect is 
several hundreds of hertz to several tens of kllohertz . When 
control is performed so as to correct a variation of several 

25 tens of kllohertz, the digital signal processing circuit 33 
is preferably structured so as to operate at a sampling 
frequency of several hundreds of kllohertz. On the other 
hand, typically, the emitted light control section 8 Is only 
required to operate so as to follow the frequency at which 

30 the I-L characteristic varies due to a change in the 
environmental temperature . Since a gain crossover is about 
1 to 10 kHz at most, an operation of the digital signal 
processing circuit 24 at the sampling frequency of about 
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100 kHz is sufficient. In order to suppress an increase in 
cost in the case of incorporating a function of the present 
invention into an optical disc apparatus, it is desirable 
that the digital signal processing circuit 33 is structured 
5 such that a processor which operates at a low speed and which 
forms the digital signal processing circuit 24 used in an 
existing apparatus is operated in a time -divisional manner. 
Thus, for a purpose of employing a processor which operates 
at a low speed, among the operations performed by the digital 
10 signal processing circuit 33, the number of arithmetic 
operations for obtaining a driving current used when the 
optical beam is passing over a defect is reduced to be as 
small as possible, thereby reducing the processing time. 

15 At step RAl, in order to shorten the processing time 

for the operations performed when the optical beam is passing 
over the defect, some of the operations, which are performed 
based on a value of the quantum efficiency obtained with 
the above -described operations and output by the digital 

20 signal processing circuit 24 when the optical beam is within 
the gap region, are performed in advance. These operations 
are specifically described. Assume that a variation value 
of the power, Pup(n), is obtained using an output of the 
variation rate detection circuit 32 by a method described 

25 below. Operations which are necessary for obtaining Ipk, 
Ibsl, and Ibs2 are: 

Ipk = Pup(n) X i/Tf^Xpk+lth 
Ibsl = Pup(n) Xi/nXpbl + Ith 
30 Ibs2 = Pup(n) Xi/rjXpb2 + Ith 

When Yi = 0.55 mW/mA and Pk=10W, 1/Tri = l . 8181 , and an operation 
result of l/riXpk is 18.181- Thus, the accuracy of the value 
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of a fractional part of l/ii = 1.8181 determines the accuracy 
of the operation result. In order to increase the accuracy 
of the operation result, it is necessary to increase the 
accuracy of a result for division processing of I/t) . However, 
5 a high-performance processor which has a long output word 
length for the division processing and which achieves a short 
operation time is generally expensive, and therefore, the 
cost of an apparatus increases when using such a processor. 
When a processor which has a short output word length and 

10 which consumes a long operation time is employed, operations 
which are not associated with Pup ( n ) are performed in advance 
at step RAl in order to shorten the processing time for the 
subsequent processing. For example, as for Pk, an operation 
of l/Tj X pk is performed in advance so as to obtain a 

15 constant dipk. 

In the description below, it is assumed that, in the 
processing performed when the optical beam passes over a 
defect, an intended driving current value Ipk can be 

20 obtained only by multiplying dIpk by Pup(n) and adding Ith 
thereto. Similarly, dipbl and dlpb2 are obtained for Pbl 
and Pb2. The values of Pk, Pbl, and Pb2 used herein are 
values set in the memory 23 which are read by the digital 
signal processing circuit 33 provided inside the emitted 

25 light control section 8. With specific values, Pk=ll mW, 
Pbl=5.5 mW, Pb2=1.5 mW, andiri = 0.55 mW/mA, dIpk, dipbl and 
dlpb2 are calculated as follows: 

dIpk = 1.8181X11 = 19.9991 (mA) 
30 dipbl = 1.8181X5.5 = 9.9995 (mA) 

dlpb2 = 1.8181X1.5 = 2.7278 (mA) 

The above operations are performed at step RAl to calculate 
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dipk, dipbl and dlpb2 . Then, the process returns to step Rl . 

Next, an operation performed when the optical beam 
is located at the head of the data region and then moves 
5 within the data region where no defect is present will be 
first described, and then, an operation performed when the 
optical beam is passing over a defect will be described. 
In these operations , the gate generator 15 outputs the write 
gate signal and data gate signal, both of which are at the 

10 H level. The forced outage signal output from the servo 
microcomputer 17 is at the H level . Thus , the AND circuit 16 
outputs the H signal to the switch 9, and the input of the 
switch 9 is switched to the output side 9b of the reflected 
light control section 12. First, an operation of the 

15 emitted light control section 8 is described. Since the 
write gate signal is maintained at the H level, the process 
is branched from step AlO to step A8, and then, the 
above-described processing is repeated, whereby the above 
values, Ipk=48.9 mA, Ibs=38.9 mA, and Ibs2=31.6 mA, are 

20 output as they are. 

Next, an operation of the reflected light control 
section 12 is described. At step R2, it is detected that 
the data gate signal is at the H level, and the process then 
25 proceeds to step R3 . In the description below, an operation 
for each step in Figure 11 will be described with 
abbreviations, and then, an operation performed when the 
optical beam is present within the data region will be 
described with specific values, 

30 

At step R3 , the value which represents a variation 
in the power of the optical beam which is caused in the 
operation of the reflected light control section 12 at a 
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preceding step, Pup(n-l). is multiplied by each of dipk, 
dipbl, and dlpb2 which are obtained at step RAl , and Ith 
which is input from the emitted light control section 8 to 
the digital signal processing circuit 33 is added to each 
5 of the results of the multiplication, thereby obtaining Ipk, 
Ipbl, and Ipb2 . The obtained Ipk, Ipbl, and Ipb2 are output 
to the switch 9. Herein, the mark "Pup(n-l)" is used for 
the purpose of distinguishing, in the processing of 
Figure 11, the variation value Pup(n) of the power obtained 
10 during the previous operation from a variation value 
obtained in subsequent processing. When the reflected 
light control section 12 has not been previously operated, 
Pup(n-l)=l Is employed as an initial value. 

Next, at step R4 , value y, which represents a 
variation in the value set in the memory 23 of the emitted 
light control section 8, is multiplied by value p, which 
represents a variation in the output of the amplifier 34 
which is caused during a seeking operation. The 
amplification factor set in the amplifier 34 is changed by 
a factor of the value obtained by the above multiplication. 
Value Y is obtained by internal processing of the servo 
microcomputer 17, which is described later with reference 
to Figure 16, and output to the digital signal processing 
circuit 33. Value ^ is similarly obtained by internal 
processing of the servo microcomputer 17 , which is described 
later with reference to Figure 16 , and output to the digital 
signal processing circuit 33. 

30 As the subsequent step, step R5, a value input from 

the variation rate detection circuit 32 to the digital 
signal processing circuit 33 is multiplied by a value input 
from the digital filter 35 to the digital signal processing 



20 



circuit 33, thereby obtaining value a(n). The output of 
the digital filter 35 changes according to value INV_Pup 
which is input at step R13 (described later). Since the 
wobble amplitude changes according to the power of the 
5 optical beam, it is necessary to correct the output of the 
variation rate detection circuit 32 according to the power 
of the optical beam output by means of the operation of the 
reflected light control section 12. This value is 
correction value INV_Pup. 

10 

The relationship between a(n) and INV_Pup is 
described in detail. It should be noted first that the 
output of the variation rate detection circuit 32 does not 
necessarily represent a variation of the optimum power for 

15 forming a recording mark. When there is no defect, the power 
of an optical beam received by the photodetector 5 with 
respect to the emitted power is determined according to the 
reflectance and transmittance which are determined based 
on the quality of a recording material and a protective film 

20 material which form the optical disc 1. When a defect exists , 
a portion of the power of the optical beam is absorbed or 
scattered by the defect and hence lost, and the remaining 
power of the optical beam reaches the information recording 
surface of the optical disc 1 and is reflected by this 

25 surface. Then, when the reflected optical beam again passes 
through the defect, a portion of the power of the reflected 
optical beam is lost by absorption and scatterring, and the 
partially- lost optical beam is received by the 
photodetector 5. Thus, the power detected by the 

30 photodetector 5 is different from the power that reached 
the information recording surface by the loss caused after 
the reflection at the information recording surface. That 
is, since the output of the variation rate detection 



clr-cuit 32 represents the wobble amplitude which Is detected 
after the optical beam has passed twice through the same 
defect, the amount of an increase in the power which is 
provided for obtaining the optimum power on the information 
5 recording surface is the square root of the output of the 
variation rate detection circuit 32. Thus, the 

relationship between value a(n), which is obtained after 
correcting the output of the variation rate detection 
circuit 32 with INV_Pup, and value Pup(n) obtained in this 
10 step, which represents a change in the power that is made 
in order to obtain the optimum power on the information 
recording surface, is l/a(n) = [Pup(n)]^, i.e., l/a(n) is 
equal to Pup(n) squared. This relationship is described 
using specific numbers. 

15 

First, assume that the wobble amplitude is reduced 
by 10% when the optical beam is passing over a defect, and 
for the simplicity of description, INV_Pup=l . In this case, 
the output of the reflectance detection circuit 32 is 0.9, 
20 and the output of the digital filter 35 is 1 because 
INV_Pup=l- As a result, a(n)=0.90. Thus. Pup(n)=l/>r 0.9= 
1.05. That is, the current, power is increased by a factor 
of 1.05 in order to obtain an optimum power for forming a 
recording mark. 

25 

Since the frequency at which the power of the 
reflected light is varied due to a defect is,, as described 
above, several tens of kilohertz, the frequency at which 
the current power is varied by means of the operation of 
30 the reflected light control section 12 is also several tens 
of kilohertz. On the other hand, the band of the low pass 
filter 31 is 100 Hz. When the power is increased by a factor 
of 1-05, the wobble amplitude is also increased by a factor 
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of 1.05. However, the output of the low pass filter 31 
cannot follow such change. Thus, at the time when the 
digital signal processin'g circuit 33 begins the next 
operation, the output of the variation detection circuit 32 
5 is equal to the idecreased power (which is caused due to the 
defect) increased by a factor of 1.05. This influences can 
be removed by increasing the output of the variation 
detection circuit 32 by a factor of 1/1.05=0.95. This 
correction value, 0.95, is used as a value for INV_Pup in 
10 the next operation. 

When a low-performance processor is employed, a long 
processing time is required for obtaining the operation 
result of 1/V^ a(n) , and it is difficult to obtain Pup(n) and 

15 INV_Pup with a(n) changing at several tens of kilohertz. 

Thus, values for Pup(n) and INV_Pup which correspond to a 
plurality of possible values for a(n) are previously 
obtained, and the obtained values are stored in a memory 
(not shown) provided inside the digital signal processing 

20 circuit 33 in the form of a table containing a plurality 
of data. The value of a(n) obtained at step R5 is used as 
an address of the table, whereby Pup(n) and INV_Pup can be 
readily obtained. 

25 Figure 12 shows an example of the table. For 

example, if the wobble amplitude is reduced by 3 0% when the 
optical beam is passing over a defect, a(n)=0.7 when 
INV_Pup=l, similarly as described above. Thus, Pup (n) =1.19 
and INV_Pup=0.84 are selected. At the subsequent step, 

30 step R6, a clip value for the value a(n) is obtained such 
that Pk multiplied by Pup(n) does not exceed an output 
limitation power, Pmax, which may result in breakage of the 
laser 3, and this clip value is stored in memory MAXLMT. 
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The memory MAXLMT perfojrms an operation of Pmax-^Pk, and a 
result of this operation, Pup(n), is used as an address for 
data in the above table, whereby Pup(n) and INV_Pup can be 
obtained by selecting a corresponding value for a(n) along 
5 an inverse route of that described above. 

The operations are described with specific values. 
Consider a case where the value of Pk currently set in the 
memory 23 is 12 mW, and the rated Pmax of the laser 3 is 

10 15 mW. In this case, Pmax/Pk=l . 25 , which is equal to a 
limitation of Pup(n) . Thus, in the table data shown in 
Figure 12, a value of a(n) corresponding to a value of Pup(n) 
which is equal to or smaller than 1.25 is selected for MAXLMT . 
According to the table shown in Figure 12, a value of a(n) 

15 corresponding to a value of Pup(n) which is equal to or 
smaller than 1.25 is 0.64 f or Pup ( n ) = 1 . 25 , which is selected 
for MAXLMT. At the subsequent step, step R7 , the values of 
a(n) and MAXLMT are compared. If a(n)<MAXLMT, the process 
proceeds to step R8 . 

20 

At step R8 , the value of a(n) is replaced with the 
value stored in MAXLMT, and then, the process proceeds to 
step R9. If a(n)>MAXLMT at step R7 , the process directly 
proceeds to step R9 - When the optical beam is passing over 

25 the defect, the power cif the optical beam which reaches the 
information recording surface is insufficient for correctly 
forming a recording mark as described above. In this case, 
no modulation occurs due to a recording mark, and accordingly, 
the amplitude of the RF signal is decreased. On the other 

30 hand, when the reflected light control section 12 operates, 
the output power is increased so that a recording mark is 
corr.ectly formed. As a result, modulation occurs due to the 
correctly-formed recording mark, and the amplitude of the 
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RF signal is increased. When a variation of the power which 
is output when the reflected light control section 12 
operates is large, the amplitude of the RF signal sharply 
changes . 

In general, an optical disc apparatus reproduces 
data recorded on the optical disc 1 based on a signal 
obtained by binarizing the RF signal in the signal processing 
section 22. In this case, an AGC (Auto Gain Control) 
operation is performed in order to make the amplitude of 
the RF signal constant . If the reflected light control 
section 12 operates and the amplitude of the RF signal is 
sharply increased when the amplitude of the RF signal, which 
is decreased when the optical.beam is passing over the defect , 
is increased by the AGC operation, a variation in the 
amplitude of the RF signal inside the signal processing 
section 22 becomes large. As a result, correct 

binarization is not performed, and it sometimes becomes 
difficult to reproduce data recorded in the optical disc 1 . 

Thus, with respect to a variation in the wobble 
amplitude which is caused when the optical beam is passing 
over the defect , the amount of power which can be changed 
at one step should be limited. Herein, the mark, a(n-l), 
is used in order to distinguish from tx(n) obtained at step R5 
in the previous operation of the process illustrated in 
Figure 11. At step R9, it is determined whether the 
difference between a(n-l), which has been output in the 
previous operation, and a(n), which is output in this 
operation , is within the range defined by fixed values , AaMAX 
and AaMIN, which limit the variation of a(n). If the 
difference is out of the range, the process proceeds to 
step RIO. If the difference is within the range, the process 
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proceeds to step Rll. At step RIO, a(n) is replaced with 
a limitation value, a(n-l)+AaMIN or a( n- 1 ) -AoMAX, and the 
process proceeds to step Rll. The power obtained through 
the above processing can be prevented from being largely 
changed from the previously- obtained power. 

At step Rll, the above-described table is used to 
select a value for Pup(n) by using the value of a(n) as an 
address for referring data in the table. At the subsequent 
step, step R12, a value for INV_Pup is selected by using 
the above table similarly as described above. Herein, the 
value for Pup(n) can be obtained only within the range 
limited by values which are determined by the word length 
of the processor, and is different from an actually- required 
variation value for the power of the optical beam. For 
example, when a(n) is 0.7 v an ideal value for Pup(n) is 
Pup(n)=l/V^ 0.7=1.19522. . . . However, when a processor used 
has a word length which can express only two decimal places, 
Pup(n)=1.19. In this case, a power corresponding to a value 
removed by rounding from the ideal value for Pup(n) is a 
deficit power. In the meantime, the correction value 
INV_Pup is also corrected in view of the deficit, and a 
detection error for a variation value of the wobble amplitude, 
which is detected after the output of the variation detection 
circuit 32 has been corrected, is reduced by using the 
corrected correction value. Specifically, when a(n)=0.7, 
an ideal value for INV_Pup is INV_Pup=v^ 0.7 = 0.83666.... 
When a processor used has a word length which can express 
only two decimal places similarly as described above, 
INV_Pup=0.83. Thus, Pup(n) X INV_Pup = l . 19 X o . 83 = 0 . 9877 . . . . 
Since this value is insufficient for correcting the output 
of the variation detection circuit 32 with respect to the 
output power, the next detection of a variation value of 
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the wobble amplitude includes an error increased by a factor 
of 1/0.9877. . .=1.012. .. . 

The inverse number of Pup(n) is used for INV_Pup; 
INV_Pup = 1/1.19 = 0.84033.... When a processor used has 
a word length which can express only two decimal places, 
INV_Pup=0.84. In this case, Pup(n) X INV_Pup=1.19 X 
0.84=0.9996.... Thus, the next detection error for a 
variation value of the wobble amplitude is suppressed by 
a factor of 1/0 . 9996 ... =1 . 0004 . Therefore, each of the 
values for INV_Pup in the above table is determined by using 
a value corrected in view of a corresponding value for Pup(n) 
being rounded down. The values for INV_Pup in the table 
shown in Figure 12 are values which have already been 
subjected to the above correction. 

Next, due to the phase delay of the band pass 
filter 41 provided in the wobble amplitude detector 10, the 
wobble amplitude detector 10 outputs a signal delayed for 
a certain time with respect to a signal input from the 
differential amplifier 20. Thus, the power varied by a 
factor of Pup(n) reaches the digital signal processing 
circuit 33 with a delay corresponding to the delay time 
caused in the wobble amplitude detector 10. At step R5, if 
the output of the variation detection circuit 32 is 
multiplied by the previously obtained value for INV_Pup 
without considering the above delay, the result of a(n) 
obtained in this operation has an error. 

In order to solve this problem, at step R13, INV_Pup 
is input to the digital filter 35, which is a low pass filter 
having the same phase delay as that of the band pass filter 41 , 
When correction is actually performed at step R5 as 
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described above, the output of the digital filter 35 is used. 
After step R13 has been finished, the process returns to 
step Rl, and the above processes are repeated. 

Next, each of the above-described processes in 
Figure 11 which are performed when the optical beam is 
present within the data region is described with specific 
values. First, an operation which is performed when the 
optical beam is present within a data region where no defect 
is present is described. Herein, assume that the values 
stored in the memory 23 are Pk=ll mW, Pbl=5.5 mW, and 
Pb2=l mW. The values Ipk=48.9 mA, Ibsl=38.9 mA, and 
Ibs2=31.6 mA have already been obtained by means of an 
operation of the emitted light controls section 8, and are 
output to the recording waveform generation section 13 
through the switch 9. Furthermore, r|=0.55 mW/mA and 
Ith=28.9 mA are given. When a(n-l)=l, Pup(n)=l, and 
INV_Pup=l are given, the digital filter 35 outputs 1. At 
step R3, Pup{n-l)=l is an initial value. Thus, output 
values are obtained by the following calculations and output 
to the recording waveform generation section 13 through the 
switch 9 . Furthermore , both P and y are 1 . 

Ipk =Pup(n) Xdlpk+Ith 

= 1X19.9991 + 28.9 

=48.9 mA 
Ibsl=Pup{n) Xdlpbl + Ith 

= 1X9.9995 + 28.9 

=38.9 mA 
Ibs2=Pup(n) XdIPb2 + Ith 

= 1X2.7278 + 28.9 

=31.6 mA 
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The above value is equal to the value output by means of 
an operation of the emitted light control section 8. 
Hereinafter, this value is used as an initial value and is 
varied when the optical beam is passing over a defect. 
Herein, since pXY=l, the set value in the amplifier 34 is 
changed to 1 at step R4 . That is, as a result, the 
amplification factor is not changed. Since the current 
position of the optical beam is not present on a defect, 
the value output from the variation detection circuit 32 
is 1, and the value output from the digital filter 35 is 
1. Therefore, a(n)=l is obtained at step R5 . 

At step R6, similarly to the above -described 
example, MAXLMT=0.64 is stored. Then, at step R7, the 
values a(n)=l and MAXLMT=0.64 are compared. In this case, 
a(n)>MAXLMT. and therefore , the process proceeds to step R9 . 
Next, when AaMIN=-0.2 and AaMAX=0.2, AotMIN=-0 . 2<a( n ) - 
a(n-l)=0<AaMAX=0.2, and therefore, the process proceeds to 
step Rll. 

At step Rll and step R12, Pup(n)=l and INV_Pup=l are 
selected from the table, respectively. Thus, when there is 
no defect, a value which is equal to the value output by 
means of the operation of the emitted light control section 8 
is output. Next, an operation performed when the optical 
beam is present over a defect while the above operation state 
of the apparatus is maintained is described. When the 
optical beam is present over the defect, the output of the 
wobble amplitude detector 10 is reduced in comparison to 
the output of the detector 10 before the optical beam reaches 
the defect. Assume that this reduction is 30% . In this case, 
since INV_Pup=l, the output of the digital filter 35 is 1. 
Therefore, a(n)=0.7 is determined at step R5 . Since 
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a( n) =0 . 7>0 - 64=MAXLMT at step R7 , the process proceeds to 
step R9 . 

At step R9, if AaMIN=-0.2, a( n ) -a( n- 1 ) =0 . 7- 1=- 
0 . 3<AaMIN=-0 . 2 . Thus, the process proceeds to step RIO. 
At step RIO, oi(n)=a(n-l)+AcxMIN=l-0.2=0.8 is obtained. 
Then, Pup(n)=l.ll is obtained at step Rll, and INV_Pup=0 . 90 
is obtained at step R12. Then, the process returns to 
step Rl via step R13. Thereafter, at step R3, 

dlpk=19.9991 mA, dlpbl=9.9995 mA, and dlpb2=2.7278 mA, 
which have been obtained at step RAl, are used to newly 
output the following values : 

Ipk =Pup(n) Xdlpk+Ith 

=1.11X19.9991+28.9 

=51.099 mA 
Ibsl=Pup(n) Xdlpbl+Ith 

=1. 11X9.9995+28.9 

=39.999 mA 
Ibs2=Pup(n) XdIPb2+Ith 

=1.11X2.7278+28.9=31.928 mA. 

Even when the output of the wobble amplitude detector 10 
is reduced by 30% due to the defect, since the power of the 
optical beam output is increased by a factor of 1.11, i.e. , 
0.7X1.11=0.777. it is detected that the output of the 
variation detection circuit 32 is reduced by about 28% . 
When the output of the digital filter 35 is stabilized after 
the above delay time, at step R5 , the above increased power 
is multiplied by the output of the digital filter 35, i.e. , 
(INV_Pup)=0 . 90, whereby a(n ) =0 . 777 X 0 . 90^0 . 7 is obtained, 
again. Thereafter, similar processing is repeated. 
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In the above processing, the calculations are 
achieved by using Ith and r\ . which are obtained by the emitted 
light control section 8 . The three powers , Pk , Pbl , and Pb2 , 
can be controlled with a smaller error according to a 
variation value for the output of the variation detection 
circuit 32, independent of a variation in the I-L 
characteristic of the laser 3 . 

Thereafter, when the optical beam reaches the head 
of the header region, the gate generator 15 pulls the write 
gate signal and the data gate signal to the L level, and 
the operation of the emitted light control section 8 returns 
to step Al in Figure 10. After it is detected at step Rl 
in Figure 11 that the write gate signal is at the L level, 
the operation of the reflected light control section 12 
returns to step Rl again. 

Herein, assume that the emitted light control 
section 8 outputs Ipk=48 . 9 mA, Ibsl=38.9 mA, and 
Ibs2=31-6 mA, and as a result, optical beams having powers 
Pk=ll mW. Pbl=5.5 mW, and Pb2=1.5 mW, respectively, are 
output from the laser 3. On the other hand, assume that the 
reflected light control section 12 outputs Ipk=51.09 mA, 
Ibsl=39.99 mA, and Ibs2=31.93 mA, and as a result, optical 
beams having powers Pk= 12. 2 mW,Pbl=6.1 mW, and Pb2=l . 66 mW, 
respectively, are output from the laser 3. When the output 
of the emitted light control section 8 and the output of 
the reflected light control section 12 are alternately 
output through the switch 9, the power output from the 
laser 3 is different between the case where Pk=ll mW, 
Pbl=5.5 mW, and Pb2=1.5 mW and the case where Pk=12.2 mW, 
Pbl=6.1 mW, and Pb2=1.66 mW. In such a case, there is a 
possibility that data cannot be correctly recorded on the 
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optical disc 1. 

However, when the structure described above with 
reference to Figure 2 Is employed, the emitted light control 
section 8 operates only in the gap region where no data is 
to be recorded. Thus, when data is recorded in the data 
region, the power of the optical beam output from the laser 3 
Is controlled so as to be optimum on the Information 
recording surface of the optical disc 1 by controlling only 
the output of the reflected light control section 12 - Thus , 
such control Is free from the above problems. 

Specifically Illustrating, in a DVD-RAM optical 
disc having a capacity of 2.6 Gbytes on one surface, the 
time required for an optical beam to pass through the gap 
region is about 5.5 \is , and the time required for an optical 
beam to move from the end of the gap region to the head of 
a header region in the next sector is about 1379 \is . Thus, 
the optical beam passes over one sector in about 1.4 ms, 
and only for 5.5 |jis within this 1.4 ms (correctly. It is 
4.5 jxs , 1 . e . , 5 . 5 \is minus a 1 fxs period during when the above 
values of Pi and P2 are output), Ipk=48.9 mA, Ibsl=38.9 mA, 
and Ibs2=31.6 mA are output from the emitted light control 
section 8. In the meantime, the reflected light control 
section 12 does not output Ipk=51 . 09 mA, Ibsl=39.99 mA, and 
Ibs2=31.93 mA. Furthermore. since the emitted light 
control section 8 does not operate in the data region, even 
when the emitted light control section 8 and the reflected 
light control section 12 output different values, only the 
output of the reflected light control section 12 is selected 
for the data region. Since a variation in the I-L 
characteristic is caused by changes in the environment, such 
as the environmental temperature or the like, the variation 
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in the I-L characteristic is caused in a sufficiently low 
band in comparison to a variation in the optimum power which 
is caused due to dirt present on the medium, such as dust, 
a fingerprint, or the like. Thus, the emitted light control 
section 8 can be operated at a low frequency at which the 
optical beam passes over the gap region. 

Next, an operation performed when a defect is 
present over two sectors is described. Similarly to 
Figure 8(a), Figure 13(a) schematically shows transition 
of an optical beam along a track which is achieved by means 
of the rotation of the optical disc 1. Figure 13(a) shows 
a defect which is present over regions including a header 
region and a gap region. Figures 13(b) and 13 (o) show 
timing charts of a write gate signal and a data gate signal, 
respectively. Figure 13(d) schematically shows the power 
of an optical beam when the optical beam passes over the 
regions shown in Figure 13(a), where the vertical axis 
represents the power (mW), and the horizontal axis 
represents the time (s) . In time region ® in Figure 13(d) , 
the wobble amplitude is decreased due to a defect, and then, 
the reflected light control section 12 is operated so as 
to increase the output of the optical beam such that an 
appropriate power is obtained for forming a recording mark. 
However, when the optical beam is present in the header 
region , the write gate signal is at the L level , and therefore , 
the emitted light control section 8 outputs a reproduction 
power having a value of Pr . In time region the emitted 
light control section 8 is operated. 

In time region <3) where the data gate signal rises 
to the H level again, if the reflected light control 
section 12 operates using as an initial value a driving 
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current obtained after the emitted light control section 8 
Is operated, the time when the power of the optical beam 
reaches an appropriate power by means of the operation of 
the reflected light control section 12 Is delayed due to 
the above -described detection delay In the band pass 
filter 41 and the limitation of AcxMIN. In order to avoid 
this problem, the processing of Figure 11 Is structured such 
that at step R3 In the former part of the flowchart , an 
operation result is output to the switch 9 . That Is , the 
operation result can be output to the switch 9 before the 
output of the variation detection circuit 32 is input 
thereto . 

Effects of the above structure are described. 
First, when there is no defect in time region ® in 
Figure 13(d), value a(n)=l is obtained, and corresponding 
value Pup(n)=l is obtained. In this case, in time region 
d) , Pup(n-l)=l. Thus, the same operations as those 
described above at and after step R3 are performed. 
Alternatively, if a defect is present in time region ® in 
Figure 13(d), a(n)=l is not obtained, and accordingly, 
Pup(n-l)=l is not obtained. For example, as described above , 
assume that a(n)=0.7 and Pup( n ) =1 . 11 . When the optical beam 
moves into time region ® under such a condition, 
information of Pup(n-1 ) =1 . 11 is stored inside the reflected 
light control section 12 until it is detected at step R2 
that the data gate signal rises to the H level. In time 
region (D , at step R3, Ipk=51.09 mA, Ibsl=39.99 mA, and 
Ibs2=31.93 mA can immediately be output as initial values 
by using the Information of Pup(n-l) =1.11. Therefore, even 
when a defect is present over two sectors , an appropriate 
power can be obtained more quickly- 
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Next , a. function of each component of the optical 
disc apparatus of Figure 2 which is carried out when it 
starts its operation (i.e., at the startup of the optical 
disc apparatus ) will be described in conjunction with the 
function of the servo microcomputer 17. Thereafter, a 
function which is carried out when a change in an appropriate 
power for forming a recording mark is caused in a band lower 
than that of the low pass filter 31, a function which is 
carried out when recording of Information is performed 
together with a seeking operation, and a function which is 
carried out when off-track is caused during recording of 
information, are described in sequence. 

First, a function performed by the servo 
microcomputer 17 when the apparatus starts its operation 
(startup) is described with reference to the flowchart shown 
in Figure 14. In Figure 14, the low pass filter 31 Is 
operated in both a reproduction operation and a recording 
operation, in order to obtain an initial value for a 
reference value which is used for detecting a variation in 
the wobble amplitude in the variation detection circuit 32. 

Prior to the processing of Figure 14, the motor 6 
rotates the optical disc 1 at a predetermined rotation speed . 
The servo microcomputer 17 performs focusing control such 
that the optical beam is focused on the information recording 
surface of the optical disc 1, and performs tracking control 
such that the optical beam follows a track of the optical 
disc 1 . 

Now, assume that the pickup 2 is present over a 
region at an internal circumference of an optical disc in 
which no effective data is to be recorded and in which a 
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recording operation can be performed for the purpose of 
adjusting the power of an optical beam or the like (e.g., 
a "drive test zone" in a DVD-RAM optical disc). In the 
meantime, the gate generator 15 outputs a write gate signal 
of the L level, and the switch 9 is connected to the output 
side of the emitted light control section 8 . Since the write 
gate signal is at the L level, the recording waveform 
generation section 13 outputs to the driving section 14 the 
value of Ird which is output through the switch 9 . The power 
of the optical beam output from the laser 3 is the 
reproduction power Pr. 

First, at step SlOl, whether it is the time to start 
an operation of the optical disc apparatus is detected. If 
it is not the time to start the operation of the apparatus, 
the process returns to step SlOl, and subsequent processing 
is not performed until the time to start the operation 
arrives. If it is detected that it is the time to start the 
operation of the apparatus, the process proceeds to 
step S102. At step S102. the values Pk, Pbl, Pb2, and Pr 
from the servo microcomputer 17 are set in the memory 23 . 
At step S103, the polarity of the write gate signal is 
detected in a control section. 

Processing performed when the write gate signal is 
at the L level is described. When the write gate signal is 
at the L level, the process proceeds to step S104 . At 
step S104, the above -described forced outage signal is 
pulled to the L level and output to the AND circuit 16, siich 
that an error does not occur when an initial output of the 
low pass filter 31 which has passed through the amplifier 34 
is obtained. In this way, the values, Ipk, Ibsl, and Ibs2. 
which have been obtained by means of the operation of the 
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reflected light control section 12 are prevented from being 
output through the switch 9 . 

At the subsequent step, step S105. a signal output 
from the amplifier 34 is input to the servo microcomputer 17 . 
In the following description, this value is referred to as 
"X" . At the subsequent step, step S106, it is determined 
whether the value X is within a range defined by 
predetermined values XU and XL, in order to determine 
whether a defect is present at a position where the optical 
beam is currently placed. 

The range defined by values XU and XL is a range 
within which a change of X is permitted when there is no 
defect and which is expressed by a numeric value, e.g. , ±5%. 
When there is a defect, the wobble amplitude is varied, and 
as a result, the variation component is input to the low 
pass filter 31. Since, as described above, the cut-off 
frequency of the low pass filter 31 is 50 to 100 Hz. and 
a variation component which is caused due to a defect is 
a high frequency of several kilohertz to several tens of 
kilohertz, the output of the low pass filter 31 is not 
influenced by the defect in an ideal case. However, if a 
defect is present so as to extend along the circumferential 
direction of a track for a long time period, an entire 
variation component caused due to the defect cannot be 
suppressed in the band of the low pass filter 31, and a 
portion of the variation caused due to the defect is output . 

Thus, when value X of the output which is input from 
the low pass filter 31 to the servo microcomputer 17 through 
the amplifier 34 is out of the range defined by XU and XL, 
±5%, there is a high possibility that a defect is present 
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at a position irradiated with the optical beam. This means 
that the output of the amplifier 34 in this time cannot be 
used as a reference value for detecting a defect. In this 
case, the process proceeds to step S107, and counter A is 
5 reset to 0, Thereafter, the processing at and after 
step S105 are repeated. If X is within the range defined 
by XU and XL at step S106 , the process proceeds to step S108 , 
and counter A is incremented by 1 . 

10 At the subsequent step, step SI 09, it is determined 

whether or not the value of counter A is equal to or greater 
than a value previously set in TMAX. If the value of 
counter A is equal to or greater than TMAX, it is determined 
that there was no defect during a period when the output 

15 of the amplifier 34 was measured by the servo 
microcomputer 17, and the process proceeds to step SllO. 
If the value of counter A is smaller than TMAX, the 
processing at and after step S105 are repeated to measure 
value X. 

20 

Now, assume that TMAX is a time for securing that 
a value output from the amplifier 34 can be used as a 
reference value for detecting a defect . If a time period X 
when the optical beam is passing over several sectors is 

25 within the range defined by XU and XL, the measured X can 
be used as the reference value for detecting a defect . In 
an actual case, a value obtained by dividing the time spent 
for the optical beam to pass over several sectors by the 
time required for counter A to be incremented by 1 is stored 

30 in TMAX. For example, when the time spent for the optical 
beam to pass three sectors is 4 . 2 ms , and counter A is 
operated at every 14 ^is , 4200/14 = 300 is stored in TMAX. If 
period X represented by TMAX is within the range of ±5%, it 
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is at least determined that the value output from the 
amplifier 34 was obtained when the optical beam is present 
within a region where there is no defect. In such a case, 
the value output from the amplifier 34 can be used as a 
5 reference value for detecting the variation in the wobble 
amplitude. Therefore, the process proceeds to step SllO . 

At step SllO, an RF signal is input, and the 
amplitude of the RF signal is compared with value RFREF which 

10 represents a specific amplitude. The processing herein is 
performed for determining whether a region where the optical 
beam was present during measurement of X is a region where 
data had previously been recorded or a region where no data 
had previously been recorded. If the region is a region 

15 where data had previously been recorded, modulation occurs 
due to a recording mark in that region, and accordingly, 
the amplitude of the RF signal is generated. However, if 
it is a region where no data had previously been recorded, 
no modulation occurs, and accordingly, the amplitude of the 

20 RF signal is not generated. Thus, if the amplitude of the 
RF signal is greater than a value in RFREF, the period when 
X was measured corresponds to the region where data was 
previously recorded. If the amplitude of the RF signal is 
equal to or smaller than a value in RFREF, the period when 

25 X was measured corresponds to the region where no data was 
previously recorded. When the amplitude of the RF signal 
is greater than RFREF, it is determined that the period when 
the above value X was measured corresponds to the region 
where data was previously recorded, and then, the process 

30 proceeds to step Sill. 

Since there is a recording mark in the region where 
data was previously recorded, the reflectance in that region 
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is typically lower than that in the iregion where no data 
was recorded. Thus, the value for X is smaller than that 
obtained for the region where no data was recorded. At 
step Sill, the value of X is stored in a memory WBINI_A as 
5 an initial value for the wobble amplitude during a 
reproduction operation when the optical beam is present 
within a region where data has been previously recorded. 

Subsequently, at step S113, it is determined 
10 whether values are stored in both WBINI_A and WBINI_B which 
is a memory for storing value X obtained when the optical 
beam is present within a region where no data has been 
recorded. At this time, a value is not stored in WBINI_B, 
and therefore, the process proceeds to step S114. At 
15 step S114, a control signal for performing a seeking 
operation is output to the pickup 2, so that a position on 
the optical disc 1 which is irradiated with an optical beam 
is shifted. Thereafter, the processing at and after 
step S105 are repeated. At step SllO, when the amplitude 
20 of the RF signal is equal to or smaller than RFREF, it is 
determined that X represents the wobble amplitude obtained 
when the optical beam is present within a region where no 
data has been recorded. Then, at step SI 12, X is stored in 
WBINI_B, and the process proceeds to step S113. 

25 

At step S113, values are stored in both WBINI_A and 
WBINI_B, and therefore, the process proceeds to step S115. 
At step S115, a forced outage signal of the H level is output 
to the AND circuit 16, and after an operation of the AND 
30 circuit 16 is restored to an operable state by using the 
polarities of a write gate signal and data gate signal which 
are obtained during a normal operation, the process is ended. 
Through the above process, the initial value of the wobble 
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amplitude obtained during a reproduction operation is 
measured for each of a case where the optical beam is present 
within a region in which data has previously been recorded 
and a case where the optical beam is present within a region 
5 in which data has not previously been recorded . The obtained 
initial values are stored in WBINI_A and WBINI_B, 
respectively. The values stored in WBINI_A and WBINI_B are 
used for obtaining value p which is used for correcting the 
amplification factor of the amplifier 34 when recording of 
10 data is performed together with a seeking operation, which 
is described later with reference to Figure 16. 

Next, processing of waiting for the output of the 
low pass filter 31 being stabilized is performed in order 

15 to obtain an initial value of a reference value which is 
used for detecting a variation in the wobble amplitude during 
an actual recording operation. First, in response to an 
instruction from the control microcomputer 18 (not shown 
in Figure 14) , a recording operation is performed. Herein, 

20 assume that the optical beam is present within a region where 
recording of data can be performed, such as the above - 
described "drive test zone", and the optical beam is ready 
for recording test data which is actually not to be 
reproduced after a recording operation on the optical disc 1 

25 has been finished. 

Under such conditions, the processing of Figure 14 
is started again. At step SlOl, it is detected that it is 
the time to start the operation of the apparatus. At the 
30 subsequent step, similarly to step S102, specific values 
for Pk, Pbl, Pb2, and Pr are set in the memory 23 of the 
emitted light control section 8. At step S103, the 
polarity of the write gate signal is detected in a control 



section, and the flow is branched based on the detected 
polarity. Since the write gate signal of the H level is 
output from the gate generator 15 during a recording 
operation, the process proceeds to step S116. 

5 

At step S116, similarly at step S104, a forced 
outage signal is pulled to the L level and output to the 
AND circuit 16. The operations from step S116 to step S121 
are performed for measuring a value for X which is obtained 
10 during a period indicated in TMAX. These operations are the 
same as those from step S104 to step S109, and therefore, 
descriptions thereof are omitted. 

At the subsequent step, step S122, a measured 
15 output X of the amplifier 34 is stored in a memory REF_INI 
as a reference value for the wobble amplitude during a 
recording operation. Thereafter, at step S123 the forced 
outage signal is pulled to the H level and output to the 
AND circuit 16, and the process is ended. 

20 

During the recording operation, it is not necessary 
to determine whether a region where recording of data is 
currently performed is a region where data has previously 
been recorded or a region where data has not previously been 

25 recorded. In the case of an optical disc such as a DVD- 
RAM optical disc or the like, a direct overwrite method is 
employed where recording of data is performed, while erasing 
with power Pbsl, data which has been previously recorded 
in the optical disc 1. Thus, since no difference is caused 

30 in the wobble amplitude according to this method, the 
reflectance is determined based on a recording mark which 
is currently recorded, regardless of whether data has been 
recorded or not in that region . Through the above operations , 
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the initial value for the output of the amplifier 34 can 
be obtained as a reference value for detecting a variation 
in the wobble amplitude. 

5 Next, a function of the servo microcomputer 17, 

which is carried out when an appropriate power for forming 
a recording mark is varied in a band lower than that of the 
low pass filter 31, is described with reference to the 
flowchart shown in Figure 15. In the first place, an 
10 objective of this function is briefly described. 

In the production of the optical disc 1, non- 
uniformity in the thickness of a protective film is generated 
with respect to a recording material, and accordingly, the 

15 reflectance and transmittance are varied. When the 
reflectance and transmittance are varied, an appropriate 
power which is required for forming a recording mark on the 
optical disc 1 is varied. Moreover, the wobble amplitude 
which is generated by receiving an optical beam reflected 

20 by the optical disc 1 is also varied. The non -uniformity 
in the thickness is generated along the radius direction 
of the optical disc in many cases. Thus, a variation in the 
appropriate power which is caused due to the non -uniformity 
in the thickness is not detected when the optical beam is 

25 scanning a track for the time period required for the optical 
disc 1 to make a single turn. Such a variation in the 
appropriate power is detected through several times of 
turning of the optical disc. The function described herein 
is to detect a variation in the appropriate power and change 

30 the output of the emitted light control section 8 such that 
the power of the optical beam output from the laser 3 becomes 
an appropriate power. 
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Prior to an operation of Figure 15, a recording 
operation is performed. Now, assume that, in this operation , 
an optical beam is scanning a track on the optical disc 1 
by means of rotation of the optical disc 1. The switch 9 
5 alternately selects the output of the emitted light control 
section 8 (when the optical beam is passing over a gap 
region) and the output of the reflected light control 
section 12 (when the optical beam is passing over a data 
region) . 

10 

First, at step S201, an output of the amplifier 34, 
which is a reference value used for detecting a variation 
in the wobble amplitude, is input to the servo 
microcomputer 17. This is referred to as value Y. Then, 

15 at step S202, it is determined whether or not value Y is 
within a range defined by predetermined values YU and YL. 
The range defined by values YU and YL is a range within which 
a change in the output of the amplifier 34 is permitted 
during the period when the motor 6 makes a single turn and 

20 which is expressed by a numeric value, e.g., about ±10% . The 
above-described variation of the wobble amplitude in the 
circumferential direction depends on the rotation frequency 
of the motor 6, and is recovered after a single turn of the 
motor 6 . When the wobble amplitude is varied in a lower band 

25 with respect to this frequency, the wobble amplitude 
represents the above-described variation in the reflectance 
or transmittance which is caused due to the non-uniformity 
in the thickness with respect to a recording material . 

30 When the reflectance or transmittance is varied, an 

appropriate power for recording information on a medium is 
varied. Even when the optical disc 1 makes a single turn, 
if a variation in the wobble amplitude is out of the range 



ill ID ;i qi 7* ¥h „ o ss o,e? o e 



- 81 - P23176 

defined by YU and YL , i.e., equal to or- greater than ±10%, 
there is a possibility that the appropriate power is varied. 
In such a case, the process proceeds to step S204, and 
counter B is incremented by 1 . 

5 

At the subsequent step, step S205, it is determined 
whether or not a value of counter B is greater than TMAX2 
which represents a predetermined time. In TMAX2, a value 
obtained by dividing the time spent for the motor 6 to make 

10 a number of turns (e.g., 1000 turns) by the time required 
for counter B to be Incremented by 1 is stored. For example, 
when the time spent for the motor 6 to make a single turn 
is 30 ms, and counter B is operated at every 0.5 ms, 1000 
X 30/0. 5=60000 is stored in TMAX2 . If the value of counter B 

15 is equal to or smaller than TMAX2, the process returns to 
step S201, and the same process is repeated. 

VThen there is no variation in the appropriate power, 
the processing of step S202 is repeated for a time period 

20 equal to or smaller than time TMAX2, and at some time, it 
will be finally detected that value Y is within the range 
defined by values YUandYL. Then, at step S203, counter B 
is cleared to 0, and the process returns to step S201. Thus, 
a variation in the appropriate power is never erroneously 

25 detected. Alternatively, when the value of counter B is 
greater than TMAX2 at step S205. it is determined that the 
appropriate power is varied. The process proceeds to 
step S206, and the setting of the memory 23 of the emitted 
light control section 8 is changed. 

30 

Specifically, when value Y exceeds YU, the current 
power is decreased by 1 mW, and when value Y exceeds YL, 
the current power is increased by 1 mW. For example, in the 
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case where the value of Pk set in the memory 23 is 11 mW, 
Pk is increased to 12 mW when value Y exceeds YL , and this 
increased value is set in the memory 23. This applies to 
Pbl and Pb2. At the subsequent step, step S207, a value 
5 which represents a change from a value previously set in 
the memory 23 to the changed value in the memory 23, 
Y=12mW/llmW=1.09. is output to the digital signal processing 
circuit 33, and the process returns to step S201. In the 
later section, y which is output to the digital signal 
10 processing circuit 33 is described in more detail. 

In response to the input of y. the digital signal 
processing circuit 33 changes the amplification factor of 
the amplifier 34 with a product of p and y, which will be 

15 described later in conjunction with step R4 in Figure 11, 
so as to correct the reference value for the wobble amplitude. 
At this time, the operations of steps S206 and S207 are 
repeatedly performed until the value set in the memory 23 
becomes the appropriate power value for recording 

20 information on the optical disc 1. When value Y is within 
the range defined by values YU and YL, it is determined that 
a value currently set in the memory 23 is a value which 
represents the appropriate power for recording information 
on the optical disc 1. Then, the process proceeds to 

25 step S203 , and thereafter , the above processes are repeated - 
By means of the operation of the above function, the power 
of an optical beam output from the laser 3 can be changed 
according to a variation in the appropriate power which 
cannot be corrected by the operation of the reflected light 

30 control section 12. 

Next , a function of the servo microcomputer 17 which 
is carried out when a recording operation is performed 
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together with a seeking operation of moving the pickup 2 
to a sector where recording of information is described with 
reference to the flowchart of Figure 16. The function 
carried out when a recording operation is performed together 
5 with a seeking operation is a function of calculating and 
changing the amplification factor of the amplifier 34. 
This function is provided in order to prevent occurrence 
of an error in the output of the reflected light control 
section 12, which may occur because a difference is 

10 generated between the wobble amplitudes obtained before and 
after the seeking operation due to a variation in the 
above-described wobble amplitude along the radius direction . 
It cannot be identified whether this difference is caused 
due to the variation along the radius direction or due to 

15 a defect. 

First, assume that a recording operation has been 
performed once prior to the operation of Figure 16, data 
recorded in the optical disc 1 is currently reproduced, and 

20 the write gate signal of the L level is output from the gate 
generator 15. Furthermore, an optical beam output from the 
laser 3 is controlled by a reproduction power which is 
represented by a value of Pr. The control microcomputer 18 
supplies to the servo microcomputer 17 a seeking instruction 

25 and information about a target sector to which the pickup 2 
is moved for recording of data. The servo microcomputer 17 
receives the seeking instruction at step S301, and the 
process proceeds to step S302. At step S302, in order to 
move the pickup 2 to a track including the recording target 

30 sector, the digital signal processing circuit 33 outputs 
a control signal to the pickup 2. At step S303, it is 
determined based on an address input from the signal 
processing section 22 whether the track where the optical 
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beam Is currently present is a track including the recording 
target sector. 

If the optical beam has not reached the track 
5 including the recording target sector, the process returns 
to step S302, and a control signal is output again in order 
to move the pickup 2. At step S303, it is confirmed that 
the optical beam has reached the track including the 
recording target sector, and thereafter , the process returns 

10 to step S304. At step S304, subsequent processing is on 
standby until the optical beam that is scanning the track 
reaches a region which is one sector before the recording 
target sector. After it is confirmed at step S304 that the 
optical beam reaches the region which is one sector before 

15 the recording target sector, the process returns to 
step S305, and an RF signal is input from the 
photodetector 5 . 

At the subsequent step, step S306, it is determined 
20 whether the amplitude of the RF signal is greater than the 
above-described RFREF, and the flow is branched based on 
a result of the determination. If the amplitude of the RF 
signal input is greater than RFREF, it is determined that 
data has been previously recorded in the sector over which 
25 the optical beam is currently passing. In this case, at 
step S307, a value of WBINI_A is stored in memory WBINI , 
which is used as a reference value for the wobble amplitude 
in a reproduction operation. If the amplitude of the RF 
signal input is equal to or smaller than RFREF, it is 
30 determined that data has not been previously recorded in 
the sector over which the optical beam is currently passing. 
In this case, at step S308, a value of WBINI_B is stored 
in memory WBINI. After step S307 or step S308, the process 
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proceeds to step S309. At step S309, the output of the 
amplifier 34 is input, and value P is obtained based on the 
following expression and output to the digital signal 
processing circuit 33: 

p = (output of amplifier 34) WBINI 

For example, when the value of WBINI is 100 mV, and the output 
of the amplifier 34 during the current reproduction 
operation is 80 mV, p=80/100=0 . 8 . This value of p 
represents a difference of the wobble amplitudes obtained 
before and after the seeking operation, and hence represents 
a correction value for the amplification factor of the 
amplifier 34 which is used in the next sector, i.e. , the 
recording target sector. Thereafter, the process is on 
standby at step 310 until the recording target sector is 
reached by the optical beam. 

In a similar manner to Figure 8(a), Figure 17(a) 
schematically shows a transition of an optical beam along 
a track which is achieved by means of rotation of the optical 
disc 1. Similarly, Figures 17(b) and 17 (o) show timing 
charts for a write gate signal and a data gate signal, 
respectively. In the case where the optical beam is present 
in a sector which is one sector before the recording target 
sector, when the write gate signal is at the L level as shown 
in Figure 17(b), the data gate signal is at the H level as 
shown in Figure 17(o) . In this region, region A, the above 
operation is performed. Since the write gate signal is at 
the L level in region A, the emitted light control section 8 
is operated, so that the power of the optical beam output 
from the laser 3 is at a power suitable for reproduction, 
represented by a value of Pr. 
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A value of the wobble amplitude in a sector in which 
reproduction of data is performed, and which is one sector 
before a sector where data is to be recorded, is used to 
5 obtain a value of p, and the output of the amplifier 34 which 
is obtained at the start of a recording operation is 
corrected. In this way, power control can be achieved with 
a small error, as achieved in a recording operation performed 
while an optical beam is scanning consecutive tracks . Next, 
10 an operation performed when the optical beam reaches the 
recording target sector is described. 

In an optical disc which is rotated according to the 
ZCLV method, such as a DVD-RAM optical disc, it is necessary 

15 to change the rotation speed of the optical disc such that 
the linear velocity at which an optical beam moves from zone 
to zone becomes constant. Thus, when a distance from a zone 
where the optical beam is currently scanning to a boundary 
of the zone is examined, it is necessary to change the 

20 rotation speed of the optical disc 1. 

Herein, an appropriate power for recording the 
optical disc 1 varies according to the linear velocity at 
which the pickup 2 moves. The values set in the memory 23, 

25 Pk, Pbl, and Pb2 , are obtained when a prescribed linear 
velocity is achieved. Thus, in order to perform recording 
of data using values Pk, Pbl, and Pb2 which are set 
immediately after the seeking operation, it is necessary 
to keep the recording operation on standby until a operation 

30 of the motor 6 after the rotation speed is switched is 
stabilized, and the rotation speed of the optical disc 
reaches a target speed. However, this waiting time provided 
until the rotation speed reaches a prescribed speed may 
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deteriorate the access performance of the apparatus. Thus, 
in order to avoid such possibility, before the rotation speed 
is stabilized at the prescribed speed, the recording 
operation is performed while changing the power for 
5 recording data according to the varying rotation speed. In 
the processing described below, value y , which is a variation 
valu^ of the changed power and which is a variation value 
of the amplification factor of the amplifier 34 , is obtained. 
At step S311, an operation of detecting the rotation speed 

10 of the motor 6 is performed. At the subsequent step, 
step S312, processing of obtaining the variation value y 
from a variation in the rotation speed with respect to the 
prescribed rotation speed is performed. Herein, for the 
simplicity of description, consider a case where there is 

15 a relationship such that the power is changed by 1% with 
respect to 1% of rotation speed variation. In this case: 

Y = value representing the rotation speed variation of 
motor 6 

20 

Hereinafter, descriptions are made with an example where 
recording of data is performed while decreasing the rotation 
speed of the motor 6 by units of 5% in a stepwise fashion 
and, at the start of the recording operation, the rotation 

25 speed is 20% greater than the prescribed rotation speed. 

In this example, an initial value of 7 is 1.2. At the 
subsequent step, step S313, a value obtained by multiplying 
a currently-set value in the memory 23 by y=1.2 is set in 
the memory 23 again. That is, when value Pk=ll mW is 

30 applied to the above calculation, Pk=ll X 1 . 2 = 13 . 2 mW, which 
is set in the memory 23. (This applies to Pbl and Pb2, 
similarly and a description thereof is omitted. ) 
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since the value set In the memory 23 Is changed, the 
power of the optical beam which is reflected by the optical 
disc 1 is changed, and accordingly, the wobble amplitude 
is varied. Thus, at step S3 14, the output of the 
5 amplifier 34 is corrected. That is, correction value y=l,2 
is output to the digital signal processing circuit 33. The 
digital signal processing circuit 33 receives ^=0.8 and 
Y=1.2, and changes the amplification factor with a product 
of P andy, 0 . 8X 1 . 2=0 .96 , ( obtained at step R4 of Figure 11), 
10 whereby the reference value for the wobble amplitude is 
corrected. If the output of the amplifier 34 obtained in 
a recording operation performed before the current recording 
operation is 1 V, IX 0.96=960 mV is used as the reference 
value in the current recording operation . 

15 

At the subsequent step, step S315, it is determined 
whether or not the recording operation is to be continued. 
If the recording operation is to be continued, the process 
returns to step S310, and the processing for recording of 

20 data is performed again. Then, the rotation speed of the 
motor 6 is decreased by 5%. As a result, y=0.95, and the 
power represented by a value set in the memory 23 is Pk=13 .2 
Xo. 95 = 12. 54 mW. At this point , the recording operation is 
continuously performed, and P=l. Thus, at step R4 , the 

25 amplification factor is changed by a factor of pX-y=o.95. 

That is, the obtained value, 960 mVXo. 95 = 912 mV, is used 
as a reference value for the next recording operation. 
Thereafter, similarly the rotation speed is decreased by 
units of 5% in a stepwise fashion. When the rotation speed 

30 reaches the prescribed speed, y=1. By performing the above 
processing, a control error, which may be caused due to a 
variation in the wobble amplitude along the radius direction, 
can be reduced without deteriorating the access performance. 
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Lastly, a function of the servo microcomputer 17 
which Is carried out when of f- track Is caused due to a defect 
during a recording operation Is described. As described 
5 above, the wobble amplitude detector 10 detects a wobble 
amplitude by using an output of the photodetector 5. The 
output of the photodetector 5 Is, on the other hand. Input 
to the servo microcomputer 17 as a tracking error signal 
so as to perform tracking control. 

10 

When an optical beam passes over a defect , the wobble 
amplitude Is varied, but the tracking error signal Is also 
varied. Due to this variation, there Is a possibility that 
the optical beam goes off the track (off -track) that Is 

15 currently being scanned. When off -track occurs during 
recording of data, data in a track adjacent to the track 
in which recording of data is currently performed can be 
erroneously erased or erroneously overwritten. Thus, in 
the processing described below, the value set in the 

20 memory 23 is changed when off -track occurs, such that the 
power of the optical* beam is decreased from the recording 
power to a power which is equal to or smaller than the erasing 
power, whereby occurrence of the above problem is prevented. 
Thereafter, when the operation recovers from the off -track, 

25 the power is Increased to the previously- employed recording 
power . 

The flowchart of Figure 18 illustrates a function 
of the servo microcomputer 17 which is carried out when 
30 off-track is detected. Hereinafter, an operation of the 
function is described in detail. First, assume that, prior 
to the operation of Figure 18, a recording operation is 
currently performed, while an optical beam is scanning a 
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track on the optical disc 1 by means of rotation of the 
optical disc 1. The switch 9 alternately selects the 
output of the emitted light control section 8 (when the 
optical beam is passing over a gap region) and the output 
5 of the reflected light control section 12 (when the optical 
beam is passing over a data region). First, at step S401, 
it is determined whether or not the output level of a tracking 
error signal input is greater than a predetermined 
value OFTRLVL. If the output level of the tracking error 
10 signal is greater than OFTRLVL, it is determined that 
off -track occurred, and the process proceeds to step S402. 

At step S402, it is determined whether flag FLG, 
which indicates that the power has been previously changed 

15 because of the off -track, is 1 or not. When off -track is 
detected for the first time, flag FLG is D. Thus, the 
process proceeds to step S403. At step S403, the value of 
Pk which is currently set in the memory 23 is replaced with 
a value which is equal to or smaller than Pbl . Accordingly, 

20 the values for Pbl and Pb2 are decreased and set in the 
memory 23 again. At the subsequent step, step S404, in 
order to prevent malfunctioning of the reflected light 
control section 12, which may caused due to the change in 
the power of the optical beam output from the laser 3, a 

25 forced outage signal is pulled to the L level and output 
to the AND circuit 16. By the above processing, the power 
of the optical beam, which is output from the laser 3 by 
means of the operation of the emitted light control section 8 , 
is decreased so as to be equal to or smaller than the erasing 

30 power. 

At the subsequent step, step S405, FLG is set to 1. 
Subsequently, the process returns to step S401, and the 
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subsequent processing are performed. Since FLG is 1 at 
step S402, the process returns to step S401. The above 
processing Is repeated as long as the of f -track exists . When 
the tracking control recovers from the off -track condition, 
5 it is detected at step S401 that the output level of the 
tracking error signal is equal to or smaller than the value 
of OFTRLVL, and the process proceeds to step S406. 

At step S406, it is determined whether FLG is 1 or 
10 not. At this point , after recovery from the first of f -track, 
FLG=1, and the process proceeds to step S407. At step S407, 
it is determined whether the value of counter C is 0 or not '. 
The value of counter C indicates the time which elapses from 
recovery from the off -track to the start of an operation 
15 of the reflected light control section 12. Hence , the value 
of counter C indicates the waiting time provided after 
recovery from the off -track until the output of the low pass 
filter 33, which was varied due to the power variation, 
becomes equal to the previously employed power. 

20 

In an example where this waiting time is 2 ms , and 
the time required to decrement counter C by 1 is 14 jxs , the 
value of counter C is 20000/14=1429. Now, since an initial 
value input, 1429, is not 0, the process proceeds to 
25 step S408. The value set in the memory 23 is returned to 
a value used before it was changed at step S403. Thereafter, 
the value of counter C is decremented by 1 at step S409, 
and the process returns to step S401. The above processing 
is repeated until counter C is decremented to 0 at step S409 . 

30 

After 2 ms has elapsed, and it has been detected at 
step S407 that counter C is 0, the forced outage signal is 
pulled to the H level and output at step S410, so that the 
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operation of the AND circuit 16 is restored to a normal 
operation. Subsequently, at step S411, FLG is returned 
to 0. Thereafter, at step S412, the value of counter C is 
initialized to 1429, and the process returns to step S401. 
5 By performing the above processing, the power can be changed 
only during a period when off -track occurs. Therefore, 
erroneous erasure and erroneous recording in adjacent tracks 
can be prevented. 

10 In the above description, the operations of the 

digital signal processing circuit 24, the digital signal 
processing circuit 33, and the servo microcomputer 17 are 
achieved in separate components. However, it is apparent 
that these operations can be achieved by using a single 

15 processor. Furthermore, since the output of the band pass 
filter 41 is generally used as a wobble signal for 
controlling rotation of the motor 6, it is not necessary 
to make a substantial modification to the structure of an 
existing apparatus in order to perform the above -described 

20 operations. Thus, an apparatus of the present invention can 
be realized without a substantial increase in the cost . 

In an embodiment of the present invention, the 
wobble amplitude is employed as a signal obtained by 
25 detecting light reflected from an optical disc. However, 
it is apparent that the present invention can be realized 
by using any signal output in response to light reception 
by the photodetector 5 (e.g., RF signal). 

30 INDUSTRIAL APPLICABILITY 

According to the present Invention, a variation in 
a laser power which is caused due to a variation in the I-L 
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characteristic of a laser that results from a change in the 
environmental temperature is corrected using control means 
for emitted light, and a power loss which is caused due to 
a defect present on an optical disc is corrected using 
5 control means for reflected light . These control means are 
operated not simultaneously but alternately. With such an 
arrangement, when controlling a plurality of levels of 
powers which are switched at a high speed, a laser driving 
current which provides an optimum level of laser power on 
10 an information recording surface of a recording medium can 
be obtained with high accuracy, and the laser power can be 
controlled in a more secure manner, in comparison to a 
conventional laser power control method. 

15 According to the present invention, before the 

control means for reflected light is operated in response 
to a variation caused in reflected light due to a variation 
in the track width and non-uniformity in the edge, which 
are generated in the production of the medium, regardless 

20 of appropriate powers for recording/reproducing data on a 
medium, a variation value for an output of a light receiving 
element, which may be caused due to such a variation, is 
previously stored. Then, when the control means for 
reflected light is operated, a reference value used for 

25 detecting a variation in the reflected light is corrected 
according to the stored variation value. With such an 
arrangement , an operation of the control means for reflected 
light is prevented from being triggered by a factor other 
than a variation in the appropriate power during a 

30 recording/reproduction operation which may be caused due 
to dirt or a fingerprint, for example, a variation in the 
reflectance of the medium. 



According to the present invention, a specific 
current value for clipping the maximum value that can be 
output by the laser is previously obtained, and when the 
variation in the reflected light is large, the driving 
5 current for the laser is clipped with the specific current 
value. With such an arrangement, breakage of the laser due 
to driving with an excess current can be prevented without 
stopping the laser output . 

10 According to the present invention, when it is 

detected that a position irradiated with an output of the 
laser deviates from a place where information is to be 
recorded (off -track) during recording of information on a 
medium, the power of the optical output emitted from the 

15 laser is decreased so as to be equal to or smaller than the 
data erasing power. Then, when it is detected that the 
position irradiated with the output of the laser has been 
returned to the place where information is to be recorded, 
the power of the optical output emitted from the laser is 

20 changed to a power which had been employed before the power 
was decreased. With such an arrangement, even when the 
position irradiated with the optical output is shifted due 
to a fingerprint or dirt, erroneous recording or erroneous 
erasure does not occur in adjacent infoirmation recording 

25 regions. 
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CLAIMS 

1- (Amended) A method for controlling an output power of 
a laser which is used for recording information on a 
recording medium, comprising steps of: 

detecting emitted light of the laser by a first 
detection section; 

obtaining a first driving current of the laser by 
a first control section based on an output of the first 
detection section; 

detecting reflected light or transmitted light from 
the recording mediiom by a second detection section; and 

obtaining a second driving current of the laser by 
a second control section based on an output of the second 
detection section, 

wherein the laser is driven based on the first 
driving current or the second driving current while the first 
control section and the second control section are operated 
alternately such that the second control section does not 
operate when the first control section is operating, and 
the first control section does not operate when the second 
control section is operating, and information is recorded 
on the recording medium while the second control section 
is operating. 

2 . A laser power control method according to claim 1 , 
wherein the first control section operates when reproduction 
information data is not recorded or reproduced. 

3 . A laser power control method according to claim 2 , 
wherein: in the recording medium, a region where data is 
to be recorded is divided into sectors; and when a laser 
irradiation position is within a gap region where 
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recording/reproduction of data is not to be performed within 
the sectors, the first control section operates. 

4 . A laser power control method according to any of 
claims 1-3, wherein: the first control section performs a 
calculation for obtaining an I-L characteristic which 
represents a relationship between a driving current and an 
optical output of the laser; and the first driving current 
is obtained based on the I-L characteristic. 

5. A laser power control method according to claim 4, 
further comprising a step of obtaining the second driving 
current based on an output of the second detection section, 
the I-L characteristic obtained by the first control section, 
and appropriate laser power stored in an apparatus by the 
second control section. 

6 . A laser power control method according to claim 1 , 
wherein when the first control section operates after the 
second control section has operated, and then the second 
control section is operated again, the second control 
section operates based on an output of the second detection 
section which was obtained immediately before the operation 
of the previously- operated first control section. 

7. A laser power control method according to claim 1, 
wherein: an operation of the second control section is 
stopped in a region where it is previously known that no 
defect exists; and the second control section uses an output 
of the second detection section obtained when the first 
control section is operated as a reference so as to drive 
the laser according to an output variation in the second 
detection section with respect to the reference. 
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8. A laser power control method according to claim 7, 
wherein: a movement section for moving a laser irradiation 
position on the recording mediiam is used; an operation of 
the second control section is stopped when the laser 
irradiation position is moved by the movement section; an 
output of the second detection section obtained when the 
first control section is operated is obtained again as a 
reference; and the second control section is operated after 
the reference has been obtained. 

9 . A laser power control method according to claim 8 , 
wherein, when the reference is obtained again, a value 
obtained from the output of the second detection section 
which is output after the laser irradiation position is moved 
by the movement section and before the laser irradiation 
position reaches a recording target position, is obtained 
as the reference. 

10. A laser power control method according to claim 7, 
wherein an output of the first control section is changed 
when a speed at which emitted light of the laser scans the 
recording medium is varied, a reference is changed based 
on the varied value. 

11. A laser power control method according to claim 1, 
wherein: the recording medium is a body of revolution; a 
varied value for the output of the second detection section 
is maintained to be the same value even after the time 
required for rotation of the recording medium or more has 
elapsed; and if the value exceeds a predetermined value, 
the output of the first control section is changed such that 
the output of the second detection section is within a range 
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defined by the predetermined value. 

12. (Amended) A laser power control method, comprising steps 
of: detecting reflected light or transmitted light from a 
recording mediiim by a detection section; driving a laser 
by a control section according to an output of the detection 
section; and correcting the output of the detection section 
at generally the same rate according to a variation rate 
for an output of the control section. 

13. A laser power control method according to claim 12 
wherein, when the output of the detection section is 
corrected, the detection section delays the start of 
correction by the time required for detecting reflected 
light or transmitted light from the recording medium. 

14. A laser power control method according to claim 13, 
wherein the start of correction is delayed by utilizing a 
phase delay characteristic of a low pass filter. 

15. A laser power control method according to claim 12, 
wherein: table data including a plurality of output values 
of the control section that are identified by addresses, 
which are corresponding output values of the detection 
section, is employed; the control section selects data which 
is identified by an address in the vicinity of an output 
value of the detection section and outputs the selected data; 
an output of the detection section which is output when an 
emission limit of the laser is exceeded is previously 
calculated as a maximum output value before the control 
section is operated; the address corresponding to the 
maximum output value is used as a selectable maximum address ; 
and when data which is selected when the control section 
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Is operated is an address equal to or greater than the maximum 
address, the output of the control section is clipped with 
data represented by the maximum address. 

16. A laser power control method according to claim 15, 
wherein: the table data includes first table data which 
corresponds to the output of the control section and second 
table data which represents a correction to the output of 
the detection section; and the second table data is formed 
by corrected values with respect to an output error generated 
by rounding because of a limited word length of the first 
table data. 

17. A laser power control method according to claim 1 or 
12, wherein: when a laser irradiation position on the 
recording medium is shifted from a recording position, the 
control section changes an output of the laser so as to be 
equal to or smaller than a power appropriate for erasing 
data; when the laser irradiation position returns to the 
recording position, an output of the laser is changed to 
a previously -employed output. 

18. A laser power control method according to claim 3, 
wherein when the laser irradiation position is within the 
gap region, the laser performs test emission while changing 
the power at a low speed, in comparison to emission performed 
while changing the power at a high speed which is suitable 
for recording of data. 

19- (Amended) An optical disc apparatus for record- 
ing/reproducing information on an optical disc by using a 
laser, comprising: 

a first detection section for detecting emitted 
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light of the laser; 

a first control section for obtaining a first 
driving current of the laser based on an output of the first 
detection section, and output ting the obtained first driving 
current ; 

a second detection section for detecting reflected 
light or transmitted light from the optical disc; 

a second control section for obtaining a second 
driving current of the laser based on an output of the second 
detection section, and outputting the obtained second 
driving current; 

a selection section for selecting one of the outputs 
of the first and second control sections as a driving current 
for driving the laser; and 

a driving section for driving the laser based on the 
selected driving current, 

wherein information is recorded on the optical disc 
while the second control section is operating, so that 
recording of information can be performed with an 
appropriate laser power. 

20. An optical disc apparatus according to claim 19, 
wherein : 

the first control section is structured so as to 
obtain an I-L characteristic which represents a relationship 
between a driving current and an optical output of the laser 
based on the output of the first detection section and 
outputs the obtained I-L characteristic; and 

the second control section is structured so as to 
obtain the second driving current based on the output of 
the second detection section, the I-L characteristic, and 
the appropriate laser power stored in the apparatus. 



ABSTRACT 

A laser power control method according to the 
present invention is a method for controlling an output power 
5 of a laser 3 which is used for recording information on a 
recording medium 1. The method comprises steps of: 
detecting emitted light of the laser by a first detection 
section 4; obtaining a first driving current of the laser 
by a first control section 8 based on an output of the first 

10 detection section; detecting reflected light or transmitted 
light from the recording medium by a second detection 
section 5; and obtaining a second driving current of the 
laser by a second control section 12 based on an output of 
the second detection section. The laser is driven based on 

15 the first driving current or the second driving current while 
the first control section and the second control section 
are operated alternately such that the second control 
section does not operate when the first control section is 
operating, and the first control section does not operate 

20 when the second control section is operating. With such a 
structure, even when a plurality of laser powers which are 
switched at a high speed are required for recording of 
information, each laser power can be controlled so as to 
be an appropriate power for recording of information. 
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PATENT (US) 



Attorney Docket No. 



COMBINED DECLARATION AND POWER OF ATTORNEY 

(ORIGINAL. DESIGN, NATIONAL STAGE OF PCT) 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, I believe I am the original, first and 
sole inventor (if only one name is listed below) or an original, first and joint inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent is sought on the invention entitled: 

Title: LASER POWER CONTROL METHOD AND OPTICAL DISC APPARATUS 

the specification of which 

(a) is attached hereto. 

(b) was filed oq as Serial No. 0 / or Express 

Mail No. . as Serial No. not yet known, and was amended on (if applicable). 

(c) X was described and claimed in PCT International Application No. PCT/ JPOO/05127 filed on 

July 28. 2000 and amended under PCT Article 34 on October 18. 2Q01 (if anvV 

I hereby state that I have reviewed and understand the contents of the above identified specification, including the claims, as 
amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the patentability of this application in accordance with Title 
37, Code of Federal Regulations § 1.56(a). 

PRIORITY CLAIM 

I hereby claim foreign priority benefits under Title 35, United States Code, § 1 1 9 of any foreign application(s) for patent or 
inventor's certificate or of any PCT international application(s) designating at least one country other than the United States 
of America listed below and have also identified below any foreign application(s) for patent or inventor's certificate or any 
PCT international application(s) designating at least one country other than the United States of America filed by me on the 
same subject matter having a filing date before that of the application(s) of which priority is claimed. 

(d) no such application have been filed. 

(e) _2L such applications have been filed as follows. 

EARLIEST FOREIGN APPLICATION(S), IF ANY FILED WITHIN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS VS. APPLICATION 

COUNTRY APPUCATION NUMBER DATE OF FILING PRIORITY CLAIMED 

(day. month, year) UNDER 3S USC 1 1 9 

Japan 11-213277 28/07/99 x Yes No 

ALL FOREIGN APPLICATION(S), IF ANY FILED MORE THAN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 



POWER OF ATTORNEY 

As a named inventor, I hereby appoint the following attorney(s) and/or agent(s) to prosecute this application and transact all 
business in the Patent and Trademark Office connected therewith. (List name and registration number) 

Armand P. Boisselle, Reg. No. 22,3 8 Ij Neil A. DuChez, Reg. No. 26,725 ; Mark D. Saralino, Reg. No. 34.243 



.<.,0!-e;oe?oe!' 



The undersigned to this declaration and power of attorney hereby authorizes the U.S. attomey(s) named herein to accept and 
follow instruction from 

Name(s) of authorized representation(s) Shusaku Yamamoto Patent Law Office 

Address Fifteenth Floor. Crystal Tower, 1-2-27 Shiromi. Chuo-Ku. Osaka 540. Japan 

as to any actions to be taken in the Patent and Trademark Office regarding this application without direct communication 
between the U.S. attomey(s) and the undersigned. In the event of a change in the person(s) from whom instructions may be 
taken, the U.S. attomey(s) will be so notified by the undersigned. 



Send Correspondence To Direct Telephone Calls To: 

(name and telephone number) 

Neil A.^ uChez. 

RENNER, OT TO. BOISSELLE & SKLAR. LLP Neil A. DuChez 

-1 62 rEii aid Avenue. 19th Floo r " (216) 621-1 1 13 

C leveland. Ohio 441 IS 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements were made with knowledge that willful false statements 
and the like are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and 
that such willful false statements may jeopardize the validity of the application or any patent issued therein. 

Full name of sole or first inventor Atsushl MIYAZAKI 

Inventor's signature (}±4^.i<C^ hT^^j^^nJ^y) 

Date /O /o / Country of Citizenshm Japa" 

Residence Kyoto 612-8485 Japan ^ 

Post Office Address 138-8. Shlmlzucho. Hazukashl. Fushlml-ku. 

Kyoto-Shi, Kyoto 612-8485 Japan 

Full name of second inventor, ifan v jjJjo^ki-XA^ AGiiCHT 

Inventor's sigruiture / ? ^iA>z^^A^j) y-ffiixji^^i r^^'^~~^ — 

Date .2jy^>'/£>->^ C ountry of^itizenship ^mis^xT^^ 

Residence / / Hyogo .669-1146 Japan >- ^^>^ 

Post Office Address 2-14-2. Sakuradal. Najlo. Nlsfilnomlya-shi, 

Hyogo 669-1146 Japan 

Full name of third inventor, ifanv^ Chpashlr^INyCHI /7 

Inventor's signature CJ^^Z^lu<:^^^ ^-'Li-, J^^^rJ(^^<>^ 

Date /o /o / /nJ~ C ountry of Citizenship J^feai/ . . 

Residence Osaka 573-0157 Japa n / 

Post Office Address 2-lT^13, FuJlsakamotomachl^ Hlrakata-shl. 

Osaka 573-0157 Japan 

CHECK FOR ANY OF THE FOLLOWING ADDED PAGE(S) WHICH 
FORM A PART OF THIS DECLARATION 
X Signature for fourth and subsequent joint inventors. Number of pages added 1 . 

Added page to combined declaration and power of attorney for divisional, continuation, or continuation-in-part 

(CIP) application. 
This declaration ends with this page. 
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ADDED PAGE TO COMBINED DECLARATION AND POWER OF ATTORNEY 
FOR SIGNATURE BY FOURTH AND SUBSEQUENT INVENTORS 



Full name of fourth inventor, ifan v .T-Qg_niya AKAGI 

Inventor's signature <xiKCi^^ uJu^-'^ 

Date / Q / /o 2- ^Country of Citizenshi p Japan ' 

Residence jQaajsa 572-0055 Japan ^ifY 

Post Office Addres s 33-19-303, Mlyuklhlgashlmachl , Neyagawa-shl, 
Osaka 572-0055 Japan 



This declaration ends with this page. 
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